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ABSTRACT 


The strata of the Smoky Tower locality, Alberta, 
contain two distinct megafloras, a molluscan fauna and at 
least one microflora. The locality was studied from 
several approaches based on this diversity. 

Over 900 specimens collected from a volcanic tuff 
horizon at the locality resulted in the identification of 
nine species, figured in the text, the majority of which 
are conifers. A revision of fossil Thujopposites, 
Glyptostrobus and Metasequota is made based on these 
specimens and ones from other localities. Setadopitophyllum 
canadense is reported as the first North American record 
of attached needles of a Sciadopitys-like conifer. 

A review of the distinguishing characteristics of 
fossil Taxodium, Sequota, Metasequota and Glyptostrobus 
shows more difficulty is encountered in the separation of 
the genera than previously thought (Chaney, 1951). [In 
addition to the revision of the descriptions of these 
genera, the form genus Taxodtophyllum is proposed for 
taxodiaceous remains not assignable to a specific genus. 

Over 300 specimens from the siltstone megaflora, 
located above the tuff horizon, show that this horizon is 
almost devoid of conifers and dominated by angiosperm leaf 
remains and remains of aquatic plants. The genera 


Cerctdiphyllum, Zelkova (or Ulmus), Viburnum and Equtsetum 
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from this horizon are illustrated and discussed. The 
molluscan fauna and the microflora are shown to yield 
elements comparable with those from other Paleocene 
localities. 

Collections from the volcanic tuff horizon illustrate 
a lateral distribution of remains of various genera which 
is unique to Tertiary localities heretofore described. 
This distribution is illustrated and various causes are 
discussed. A possible environmental model is presented 
and discussed. 

pEtaee tm Aeooh analysis run on two samples of 
sanidine and one sample of biotite from the tuff horizon 
yielded radiometric dates of 62.5, 61.8 and 61.5 million 
years respectively. Based on these dates and on the 
identities of the fossils from the various horizons it 
is concluded that the fossil bearing beds of the Smoky 


Tower locality are Paleocene in age. 
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PREFACE 


Where now stand spruce and aspen 

Amita telds of waving gratin, 

OGee woe A TiGhLy pOorda., 

Near an tnfant mountain range 

Whose smoking towers belehed forth ash 
Which fell as snow-white rain, 

No wDLlanket aL. the fornese +loor 

Where leaves and twigs had lain. 


And as Time traveled onward, 

The mighty forest was no more; 

Yeu te Ce; e Penta a memory 

Locked within phat s,oreet { Loor, 

The snow-white ash had turned to stone, 
And the leaves whteh it contatned 
Beeame black carbon sithouettes, 
Forever to rematn. 


The gtant trees with spreading boughs 
Engoy the North no'‘more. 

The Redwoods and the Ginkgos 
Now'adorn a dvstanr shore. 

Yet thetr memory lingers onward 

As a poem with ageless rhyme - 

Black wrtttngs on a snow-white page 
In the endless book of Time. 


The Smoky Tower fossils 
WoL everattes Last; 

60 million year remtnders 
Of Ailberta’e ancient Pas, 
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CHAPTE Re 1 


INTRODUCTION 


The Smoky Tower locality has been known since the early 
1960's when the Atlantic Richfield Oil Company began 
excavation in the vicinity in association with installation 
of several oil wells. The fossiliferous beds were exposed 
during this excavation and the associated access road 
construction. Because of the availability of the aesthetic- 
ally attractive fossil plants, they were soon collected in 
quantity by the inhabitants of the area. 

During the summers of 1965 and 1966 collections were 
made by the Alberta Provincial Museum and Archives staff, 
Edmonton, and a collection of approximately 350 specimens 
is now housed there. In the spring of 1970 the museum made 
available this collection to the University for study, and 
it was at this time that the author began his studies of the 
Material... During the;summers of 519707 1971, andvl97/25a 
collection of approximately 1300 specimens from the Smoky 
Tower locality was made. This collection, the museum's, 
and about 50 specimens loaned by various private individuals 
in Grande Prairie, Alberta, formed the nucleus for the 
research project. 

The primary emphasis of the study is a systematic 
analysis of the two megafloras that occur at the outcrop, 


with particular attention aqiven to the lower flora, and 
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specifically to the family Taxodiaceae, which is well 
represented in the latter. The stratigraphy, selective 
deposition, radio-chronology, and paleoecology of the 
locality are treated as accessory topics. 

All botanical terms, when not specifically defined 
within the"thesis text; “are used as defined in Swartz 
(1971). All specimens figured in the text are deposited, 
unless stated to the contrary in the figure descriptions 
on the pages facing the figures, in the paleobotanical 
collection, Department of Botany, University of Alberta, 


Edmonton. 
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CHAPTER 2 


GEOGRAPHY AND STRATIGRAPHY 


The Smoky Tower locality is approximately 80 miles 
south and east of Grande Prairie, Alberta. More specific- 
ally, it is located between mile 66 and mile 67 of the 
Goodwin-Hinton Forestry Trunk Road south of Goodwin (Text- 
Eigonljes jThe tprecise plegal:description,.of, the tocaluty elas 
may be seen on the sign in Figure 1) is LSD 10- 6 - 63 - 2 - 
we. | 

Figure 1 also shows a general view of the locality, 
with the photograph taken Tenteaats east. The tuff bed 
containing the major coniferous flora is indicated by the 
letter T, while the plant fossil bearing siltstone horizon 
ts indicatedsby Setmithe: same figure. The hill in Figure 1 
is flanked on either side by hills of a similar size, both 
containing the fossil bearing strata. However, the tuff 
horizon in the adjacent hills has proven to be almost 
totally barren of fossil remains. 

Text-Fiogure 2 shows a partial section of the exposure 
with the position of the various fossil bearing strata 
indicated in the appropriate places. The detail of the 
section was taken from the area marked SS in Figure l. The 
exposed strata are not sufficiently extensive to enable 
stratigraphic correlations to be made. Therefore, only a 


limited section sufficient to show the relative position of 
e) 
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the plant-bearing beds is given. 

Examination of the drilling logs for the oil well shown 
in the foreground in Figure 1 enabled the fossil bearing 
strata to be formally located in the stratigraphic column. ? 
Examination of the data from these logs shows that the plant 
fossil bearing tuff bed is 4902 feet above the base of the 
Wap¥ey Formation “’Thistisot Gnconsistentiwith ithe lower 
Paleocene age determined by radiometric means for the 
bentonite in the tuff horizon. No evidence of the earlier 
Kneehills Tuff appears in the logs, but as loagino was 
started at 4 depth of 756 feet, it is possible that the 
Kneehills Tuff would be found in the unlogged upper portion 
of the well. It is of course: also possible that the Knee- 
hills Tuff bed, which is a significant marker bed in south- 
ern and central Alberta (Irish, 1970), does not extend to 
the area of this locality. 

The lateral extent of the fossil bearing beds is 
unknown at this time. The only other known outcrop of the 
tuff horizon occurs approximately one-half mile farther 
south on the forestry trunk road on the east side of the 
roag. A short access road was constructed in this area, 
exposing a verv limited outcrop of the tuff horizon. A 
small collection was made from this area, but in general the 
fossils are not well preserved and the matrix is badly 
1 The drilling log and its interpretations are officially 

recorded in the "Schedule of Wells Drilled for 0il and Gas 


- Province of Alherta," 1963, published by the Oil and Gas 
Conservation Board, Calgary, Alberta. 
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weathered. The few specimens from this secondary site 
which are mentioned or figured in the systematic portion of 
this thesis will be labeled as coming from "Locality B". 
Dr. J. Campbell, Research Council of Alberta, stated 
(personal communication) that test drillings 3-5 miles east 
of the locality failed to give any evidence of the tuff 
layer, and also that outcrops along the Smoky River, west of 
the locality (Text-Fig. 1) do not show any evidence of the 
fossil bearing tuff layer. Based on these observations it 
may be concluded that the tuff bed has a fairly limited 
lateral ene ione due either to depositional or later 
erosional factors. However, only intensive drilling and 
surveying of the area will provide precise information on 


the extent of the horizon. 
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FIGURES 1-3. 
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View of the Smoky Tower locality looking east. 
Large letters A - D indicate lateral positions 
along the tuff horizon. They correspond to the 
positions indicated by the same letters in Figs. 
126-127, and in Text-Fig. 6; SS represents the 
area at which the section shown in Text-Fig. 2 was 
measured; T indicates the fossil bearing tuff 
horizon; S indicates the fossil bearing silt- 


. stone horizon. The sign on the well head reads: 
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Specimen S3806 - material from the siltstone 
horizon showing various fossil taxa. EC indicates 
an Egquitsetum cross section; C indicates a Cerct- 
dtphyllum leaf; T indicates Typha-like monocot 
leaf fragments; V indicates a Viburnum leaf. 
x2055 


Specimen S2733A - material from the tuff horizon 
showing two Ginkgo leaves with varving degrees of 
lobing and a fragment of a Platanus leaf. xX 0.6 
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TEXT-FICGURE 2. A partial section of the Smoky Tower locality, 
Alberta. 
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CHAPTER 3 


MATERIALS AND METHODS 
Materials 


Fossil Material - The fossil material at the Smoky Tower 
locality was found in three distinct horizons and will be 
treated descriptively and procedurally as separate entities. 
The lowest of the three horizons, known as the tuff layer 
(Text-Fig. 2), consists of pockets of silicified volcanic 
ash grading into unconsolidated bentonite. Highly carbon- 
ized plant compressions are in evidence throughout the 
stratum, but it is only possible to work with those in 
lenses of consolidated, silicified bentonitic tuff. The 
silicified matrix exhibits a conchoidal fracture, and there- 
fore it is only in rare instances that both an impression 
and compression of the same fossil are obtained. 

Because of the white matrix, the carbonized remains are 
readily visible (Fig. 3). However, higher magnification 
shows that the degree of preservation is not as good as the 
superficial observation would indicate. In the case of 
angiosperm leaves usually only primary and secondary 
venation is observable, with only the rare occurrence of 
smaller veins. Fortunately, the majority of the flora is 
gymnospermous, and taxonomy here is more dependent upon leaf 
shape, size, attachment and position; all of which are 
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readily discernible in the specimens. 

As has been the case in many other Tertiary floras, 
e.g. the Florissant flora (MacGinite, 1953) and the Genesee 
flora (Chandrasekharam, 1972), where preservation is 
associated with volcanic ash, there is often an absence of 
Preserved cuticletad Such, isuwther+casewwith ethe tut é tlona.at 
the Smoky Tower locality, and all techniques attempted for 
the recovery of cuticle were unsuccessful. This phenomenon 
has often been attributed to the alkaline nature of the rock 
matrix which causes degradation of cuticle. Chandrasekharam 
(1972) noted that the cuticle of Cercidtiphyllum was 
completely removed in one week by a 2% solution of sodium 
hydroxide. In terms of solutions in nature however, 2% is 
still extremely alkaline. Further experiments were there- 
fore carried out using more dilute solutions, and it was 
found that by using a 0.01% solution of sodium hydroxide the 
cuticle was completely removed from Metasequota in a period 
of ten months. A similar experiment with Sctadopitys 
needles showed total removal in just over one year. 

To further test the hypothesis that an alkaline matrix 
might be responsible for the disappearance of cuticles, 
samples of the bentonite surrounding the fossiliferous tuff 
were suspended in distilled water having a pH of 7. The pH 
of the suspension was then checked immediately, and 
subsequently at weekly intervals for a period of a month. 
The initial check yielded a pH of just under 7.1 (less 


alkaline than the 0.01% test solution by a factor greater 
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than ten thousand), while checks durina the progressive time 
period showed no alteration. This experiment, then, did show 
the*matrixlttombenslightiy alkaline; ’but ait is experimentally 
impossible to say whether such a low concentration of 
hydroxide ions would ever cause the degradation of cuticle. 
It may be concluded from the experiments that if alkalinity 
is responsible for the lack or cucicle, it was nor 
accomplished in recent years... It is» of course possible 

that the pH was much higher at the time of the ash 
deposition, and has subsequently been lowered either by 
leaching or by neutralization by natural acids. 

The other megafossil bearing stratum, labeled Calcar- 
eous Siltstone in Text-Figure 2, contains a flora high in 
angiosperm leaf remains and virtually devoid of conifers. 
The coloration of the matrix here ranges from dark gray to 
buff, and thus provides less contrast with the fossils than 
int thee whiatectuffelayerr (Figs: 2,013)... “The matrix’ displays 
well-defined, parallel bedding planes, but the degree of 
consolidation is extremely variable with the result that 
many Specimens are extremely fragile. Preservation is 
betitterithansin ithe! tuff layer,' with many’ angiosperm leaves 
showing good tertiary venation (Fig. 115). Although there 
is no evidence of inclusion of volcanic ash in the matrix, 
the! plant remains, as in the tuff layer, are totally devoid 
of cuticle. 

Between the two plant megafossil beds is a thin layer 


of coaly shale varying from 1-4 inches in thickness. This 
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layer contains a rich, though not extremely diverse, micro- 
flora which will be discussed in the next chapter. This 
flora shows little if any correlation with the megafloras 
above and below it. Using techniques described later both 
megaflora horizons were examined for microfossils and found 


almost totally devoid of them. 


Living Material - In many instances, accurate identification 
of fossil materials of this age can only be made by direct 
comparison with extant material. This is especially true 
when an attempt is made, as in this thesis, to delineate 
genera and species almost entirely on vegetative remains. 

It is fortunate that the greenhouses of the University of 
Alberta have an excellent collection of young conifers, and 
thorough use was made of this material. In addition, it 
was possible to study and sample mature living specimens of 
Seguoca »Metdsequota, and.Jaxoditumat,the Universityeot 
California, Berkeley, and mature Cryptomerta at the Botanic 
Garden,¢Uniwersatyeet Washingtoniesdnsaddition, mernbaraum 
material representing various taxodiaceous genera was 
received from the Arnold Arboretum, New York Botanic Garden, 


andi the University of California; Berkeley, 


Methods 


Because of the conchoidal fracture of the volcanic 
tuff, entire leaf specimens were initially seldom exposed. 


Thus it became necessary to expose the fossils remaining 
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embedded in the matrix by mechanical means. The most satis- 
factory method was found to be a jeweler's Vibrograver, using 
a standard diamond point for the coarse work and a phono- 
graph needle attachment for the more delicate completion 
(Kummel and Raup, 1965, pp 267-270). Various methods for 
obtaining cuticular samples (Abbott, 1950; Cridland and 
Williams, 1966; Chandrasekharam, 1972) were tried without 
Success. Similar methods were attempted on the upper mega- 
fossil horizon as well as bulk maceration, but again with 


negative results. 


Palynological Techniques - Attempts were made to recover 
microfossils from both the plant megafossil horizons and 
from the coaly shale lying between them. Recoverv of micro- 
fossils in general requires three basic steps; breakdown of 
the matrix (either physically or chemicallv) to free the 
encased microfossils, removal of unwanted chemical residues 
(either inherent or created by the first step) and prepar- 
ation of the cleaned, isolated microfossils for microscopic 
examination and photography. For the purposes of the 
remainder of the discussion, the term microfossils shall 
include two groups, (1) palynomorphs, including spores and 
pollen grains, and (2) other microfossils, including faunal 
remains (shell fragments, opercula, etc.), oogonia of Chara 
(Gyrogonites) and other algal remains. Components of the 
latter group are much less resistant to strong oxidants, and 
the matrices were therefore handled in a different fashion. 


While slightly modified techniaues were used in 
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attempting palynomorph recovery for each stratum, the only 


success was achieved on the coaly shale. Therefore, the 


methods used on it will be described in some detail, and 


unsuccessful modifications mentioned <-t its conclusion. 


dh 


Coaly shale was broken into pea-sized pieces and a ten 
gram sample was weighed out. The sample was placed ina 
polyurethane beaker. The sample was then covered with 
20% hydrochloric acid and allowed to stand for one hour 
to remove any carbonates. 

After carbonate removal the sample was rinsed and covered 
with 52% hydrofluoric acid for a 24 hour period to remove 
Silicates. 

After thorough rinsing in distilled water and dilute 
hydrochloric acid the sample was covered with Schulz's 
reagent for the final oxidation of the remaining pieces 
of primarily carbonaceous material. For the particular 
sample, 2-3 hours was sufficient. 

After rinsing to neutrality the material was placed in 

2%. sodium s«wanydroxide 443 sthus estep «is,critical-.ras, the 
exines of the palynomorphs will begin to be etched if 
lest -too..long..in abasic, isol ution...) Jiherefone qrevery 
three minutes a sample was checked under the microscope, 
and as soon as arains could be observed free from the 
tarry residue from the Schulz's reaction, the material 
was diluted to neutrality. For the particular sample in 
guestion, six minutes proved adequate. It might he noted 


here that it is the opinion of some palynologists 
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(personal communications) that this lenath of time in a 
basic solution will completely dissolve some of the more 
delicate grains or change the ornamentation of more 
resistant ones. To guard against this possibility, a 
portion of a sample was removed and diluted after each 
minute, but later comparison with the six minute samples 
showed no observable difference. 

The material was then wet-sieved through a series consist- 
ing Of8300,. 1025, 63 and 45 micron mesh. The material 
collected on each sieve (and that passina through all of 
them) was then stored in distilled water made slightly 
acid with HCl to discourage water-mold growth. 

For preparation of permanent slides the material was 
stained and mounted. A variety of methods were tried 

at this stage, but the optimum results were obtained as 
follows. Bqual parts of .a_1% solution .of -agqueous 
safranin and a 1% solution of Bismarck Brown were mixed 
and then diluted 1:100 with distilled water. Two drops 
of this stain were placed on a cover slip (60 x 22 mm 
proved easiest to handle) with one drop of the material 
(pH neutralized) containing the palynomorphs and one 
drop.of polyvinyl alcohol (the,exact percentage of 

the alcohol was not measured, but best results were 
obtained with a solution about the consistency of Karo 
syrup). These were mixed together and spread evenly 
across the cover slip. The cover slip was then placed 


on a warming tray to drv, after which it was mounted 
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with Permount on a glass slide. 

In addition to the safranin-Bismarck Brown staining 
combination, the two components were tried separately. 
Basic fuchsin, which requires dehydration in a series of 
alcohol baths, was also tried. The safranin-Bismarck Brown 
combination gave the best results because it stained the 
grains in such a wav that they showed the best detail when 
photographed. In addition it was noted that in many 
instances bisaccate grains subjected to this combination 
of stains absorbed the red safranin on their bladders and 
the yellow bathe Bismarck Brown on their central bodies 
When photographed with a green filter this allowed for 
better differentiation of bladders. This was desirable as 
the relation of these to the central bodies of winged 


grains is an important taxonomic character 


Other Microfossils - Preparation of material for retrieval 
of. other microfossils necessitated omission of the use of 
the strong oxidizing agents used in the previous procedure. 
Two methods were therefore tried. In the first, the 
material was merely powdered and wet-sieved through the 
same mesh series. Samples from the two coarser meshes were 
then examined under a dissecting microscope for megaspores, 
Chara oogonia, etc. In the second method, material (about 
pea-sized chunks as in the initial procedure) was placed 
in a beaker of "Quaternary O", a detergent, and slowlv 
boiled. This accomplished breakdown of the matrix without 


violent oxidation. The material was then rinsed, wet-sieved, 
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and searched in a similar manner. Neither of these methods 
yielded any results when tried with materials from all 


three layers. 


Palynomorphs in Megafossil Layers - Modifications of the 
previously mentioned procedure were tried on samples from 
the two megafossil horizons. In the case of the volcanic 
‘tuff layer it was possible to treat samples of the uncon- 
-solidated bentonite without any initial breakdown procedures. 
A sample was thoroughly suspended in distilled water using 
a Waring blender. The resulting suspension was allowed to 
SGEtlLeCeLOr LWwOReMOULS, arter whichethe liaguid portion, 
containing much of the very fine clay, was decanted and 
discarded. The remainder was suspended in a solution of 
zinc chloride having a specific gravity of 1.9 and allowed 
to separate. The floating layer, which contained the 
organic material was removed and treated in the same manner 
as the original procedure starting at step four. Unfortun- 
ately the final preparation yielded almost no palynomorphs. 
The upper plant megafossil matrix was treated in a 
manner similar to the coaly shale, with the omission of step 
three (Schulz's reagent) which proved unnecessary. Here 
again the results were negative. A glance at the strati- 
graphy of the remainder of the outcrop (Text-Fig. 2) shows 
numerous other layers of coal and coaly shale. Cursory 
examinations of several of these indicated that some of them 


could well yield significant results, but they are not 
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included within the scope of this thesis. 


K-Ar Analysis - Approximately 30 pounds of bentonite from 
the plant megafossil horizon were processed to obtain 
quantities of biotite and sanidine large enough for K-Ar 
analysis. The raw bentonite was thoroughly suspended in 
water using a Waring blender. The resulting slurry was 
repeatedly washed and decanted until the majority of the 
Fine clay minerals were removed. The remaining coarser 
Mineral portion (approximately 4 lbs.) was dried with 
acetone and dry-sieved through a 45 micron sieve. The 
fraction retained on the sieve was processed through a 
magnetic separator and the two fractions placed in 
appropriately labeled containers. At this stage the 
material was turned over to Professor H. Baadsgaard of the 
Department of Geology for final purification and analysis. 
Information on the theory and procedures for this final 


analysis may be obtained from Dalrymple and Lanphere (1969). 


Living Materials - For general comparison of gross morpho- 
logy of the fossil material with extant species, direct 
observation of herbarium material was generally satisfactory. 
For some taxodiaceous genera and a few angiosperm species 
venation and mode of attachment was somewhat obscured, and 
for these cases it proved desirable to clear, stain and 
mount specimens of the living material for comparison. For 
this comparison the procedure described by Chandrasekharam 


(1972, pp 16-17) was employed with a minor variation. 


et ae ee ey 
: read: 7 ayes 


eh -wtttede ad 40 ebaveg 0€ ¥ biesnaiehoe A 
aistdo oF boxesco1g siew mosizon [izeotspem 
IA-A tot dovone opxsl saibiase bas etitoid to avis isienp 


ni Dbebasqere vidpuorods asw etinosned wet si? -ekeyiean * 


aew yrisie vatiipaex sd? .2z9bnasid palreW s paies rsdew f : 


andj to ytixrotem offs Lisgau Setnsosb bas bedesw yibetseqet 
r921609 piinismer el? .bevomex e1ew eisxentm yslo oni? 
dititw beith esw (,edi & yletemixorggse) daoidzoq fexentin 

off .evele nordim 2b 5 dpyoudt Bevete-yxi5 bas enosa0s 

5 dpvords bseasco1q asw svete sit no henistex aoisoszt 

mat Bsosiq anoistose1st ows sit bas totsrsqee olsenpea 

efit spsta efdt 3A .earenisinod beisdel ylotsixqoxqgs 

oft to Busspebssd .H toeesiotT oF isvo beams saw ‘todsevell 
-tiaylsns Bas noltsottiasqg fsait sot ypofosd Io +nomtrsqed 
isar2 2idd tot asaubsooxq bas yrosds ert AO noitsmxotal 
.(@3€L) stengqnsd boar sigmyrisd mort bonissdo sd yam eieyiens 


~ofigram seoxp to moritsqmoo Istense 20% — siseiioedaM paivild 
josiib ,aeiosqe tnsjxe dtiw [eiszeteam Lieeo? edz to ypol 
-yrotosi2issa yilsisnsp asw [sitessm muizsdted to aoisavxeado 
aeloaye mzeqeoipns wot s bns srensp evoszsiboxs? smoke. x0% 
bas ,betvnado tedwamoe esw tiamdiosetts to ison bas noljsnaev 


5Sns ciste ,xseio.ot eldsttesb boyorq ti asas> seaid 402 
oe 

rot .dorirtsgmes 102 Isitodem poivil sft to egemt>eqs sauom 
maseddAsesthnsid. yd bedixsesh aid sieiate edt ee | 


20 

To correlate the microflora (pollen and spores). with 
species represented by the members of the megafloras, it 
proved desirable to prepare mounts of some palynomorphs of 
corresponding extant species. For this a small amount of 
the extant pollen (either from herbarium sheets or living 
greenhouse plants) was placed on a microscope slide with 
two drops of aniline oil and*one drop of 0.01% crystal 
violet. This was gently heated until the stain was taken up 
by the pollen grains and the oil was clear. The slide was 
successively flooded with xylene and blotted until the oil 
was all replaced. The pollen was een covered with Permount 


and a coverslip, and the slides dried. 


Statistical Analysis - To accurately determine the floristic 
composition of each plant megafossil horizon and to enable 

a suitable study of interspecific and intergeneric variation 
to be carried out, the mass collecting technique was 
employed in obtaining the material to be described. To 
insure the success of the first objective it is necessary to 
eliminate as much subjectivity in specimen collection as 
possible to obtain as truly random sample of the flora as 
possible. If this 18 done’ it® 1s’ possible’ to obtain 
significant figures on the relative occurrence of the 
included species. However, the success of this method is 
dependent on the assumption that the fossils themselves are 
randomly deposited. Fossils contained in the fossiliferous 


siltstone layer gave no indication of negating this 


atts (Ae | ets 

Yo arigzomonytsa amoe 20 eines od eidaxiash bevord, 
to jnvoms Lisme s aids 26H .e2obseqa tastxe pabbmogeerz00 
phivit 160 ateede mutasdzed moxt s9ridie) mefLog dasixe, oft 


Adiv ebile sqooaorsim s no beoslg asw (etasig eavodasery 7 


lsdeyio 810.0 %0 qoxb ono bas Lie eniLians to eqoxb owt 

qu nexed asw misze oft Lisny bedsed ylsnep eew edt .Jolotv 
aew sbhile efT .189Il5 asw Ilo odd Bas entexp neliog ed? yd 
{io oft fidny bedtold bas snelyx diiw bebool? ylevieasoous ~ 
tavomied dtiw borsvoo aed+ esw netlog SsdT .beesiqes iin sew 
.betxb sebtia oAt bas .qitexeyod s bas. 

et 

oltettol® off ontmisgeb yistsivoos ol: - efayisak fsoisedszaae 

eldsas ot bas nositod Ibezotspem tnsiq oss) to agstkeoqmoo 

neoitsizsy viyresnepreiat Bas obtiosqarotiat to ybudge elidetive s 
esw ouplinissd pntsoslloo eesm oft ,3u0 Beittso 9d. ot 

ot .bsdixrseeb sd ot Isixzesam eda pntinistdo at beyolqme. 

oF yisReeo>en et Jf Heeoetdo JeuLt sit to eesopue oft ement 
26 noltosfloo asmineqe ai yiivistostdve doum as etenimite 

28 Biol? sdd Yo olqmse mobasx vivid 26 aisddo oF efdisaocg 

ntetdo oF eldlesog at +i snob et etd? +1 -eldisaog 

ait to sonstivove svijsioz sft ao aswyel2 tnscitinple 

2i botitem atit to esevowe sft ,tevSWoH .aeloeqa bebuloat 
Sis esvisement aliseot ont tsrf4 noi samuaies sid no tnebasqe® 
euotstittecct odd ak Benistnor élieso® .bsdtsoqeb imo 
éidd palinpen 20 noldsotbal on oven revel oad 


2 


generalization, and specimen counts and percentages are 
thus given and analyzed in the systematic section of this 
study. However, it became quickly evident in the course of 
collecting that the fossils contained in the volcanic tuff 
horizon were very selectively deposited, and thus the 
technique of purely random sampling of this horizon was 
abandoned early in the study. 

The second objective, study of interspecific variation, 
does not depend on the randomness of the sample but rather 
on its thoroughness. To augment the fossil samples, as 
large a representation of extant material as feasible was 
studied for the relevant genera. These were analyzed for 
Size, shape, phyllotaxy, and mode of attachment. The 
statistical results of these studies are presented in the 
appropriate sections of the systematics chapter. 

The same two objectives may be applied to the stati- 
stical analysis of a microflora. The randomness may be 
obtained by counting a given number of fields randomly 
chosen for a given slide of fossil material. As the primary 
emphasis of the thesis is a study of the megafloras, no 
attempt was made to do a detailed study of the intertaxon 
variation of the palynomorphs. The relative frequencies of 
the taxa encountered are presented in the appropriate 


portion of the systematics chapter. 
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CHAPTER 4 


SYSTEMATICS 


Introduction - Within the outcrops of the Smoky Tower 
locality are at least three separate fossil floras, two 
containing megafossils and one vielding microfossils. 
Although there is a relationship existina between them which 
will be discussed in a later chapter, they are distinct 
lithologic units and will be treated as such. The mega- 
floras will be treated in detail, while the microflora will 
be briefly described, listing and illustrating the genera 
and species found. 

The taxonomy and nomenclature of compression floras has 
long presented many problems for investicators in that field. 
The very nature of the material leaves the investigator on 
the horns of a dilemma. On one hand there is the justifiable 
practice of identifying fossil fragments - sometimes only 
a single fragment - and assigning them names. The practice 
is justified by the concept that a positively identified 
specimen, even representing only a fragment of a plant organ, 
can be useful in making stratigraphic correlations. This 
approach was used most frequently in the first half of this 
century. It is well documented by workers such as Berry 
(1916, 1924, 1935), Hollick (1930, 1936), Knowlton (1902, 
1922), and Bell (1949). 

The other major approach tends to view the fossil 
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material as representing organs or fragments of organs of 
entire botanical entities and populations of entities in 
which the organisms are subject to interspecific variation. 
Proponents of this philosophy usually assign entities to 
taxa only when statistically significant numbers of specimens 
are available. They treat those with sparse representation 
as either probable members of a previously well documented 
taxon, or as an entity unsuitable for formal identification 
(designated as Incertae sedis). This philosophy has been 
the dominant one in recent years, and has been espoused by 
such workers as MacGinite (1969), Axelrod (1962, 1964), and 
Chandrasekharam (1972). Not all workers can be categorized 
in the preceding manner and several of the more recent major 
workers in systematic paleobotany have used an approach 
which combines certain features of both previously mentioned 
schools. These include Dorf (1942), Brown (1962), and 
Becker (1969). 

This hybrid approach is based on the principle that 
the fossils represent organs of biological entities. How- 
ever, it is recognized that stratigraphic value may still be 
placed on a fragment if it possesses recognizable characters, 
and thus such individual specimens may also be assigned 
namespeevenwit their botanicalmaltinities areringdoube. 

In this dissertation the main principle of the latter 
approaches, that the fossils represent organs of biological 
entities and are thus subject to the variability such a 


definition implies, will be followed. However, it will be 
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modified with two other considerations. The first of these 
is the recognition of form and organ genera as set forth in 
the International Code of Botanical Nomenclature (Stafleu, 
iia, sDIvVialon lt, Article 3). “Such genera are recognized 
if the natural affinities of the fossil material remain in 
doubt. In accordance with this, entities represented by 
only one or few specimens, if well preserved and readily 
characterized, are assigned to appropriate taxa. 

The second consideration involves the endings of 
generic names for fossil material. The trend among many 
paleobotanists has been to assign fossil material to genera 
of extant plants without any change in the generic name. 
The arguments presented in favor of this are (1) that a more 
Macuraieeclassificativon sts possible, and (2) that all 
characteristics of the fossil material are already accounted 
for within the diagnosis of the extant genus, and thus a 
new name is unnecessary. It is the opinion of the author 
that these two arguments are not entirely valid, and that 
they do not justity the inclusion of “fossil material in 
genera of extant plants without change in the generic name. 

Regarding the first argument, the creation of a more 


natural classification, it is the author's position that in 


1 As is lucidly pointed out by Davis and Heywood (1963, pp 8- 
9), "natural classification" may be interpreted as either 
phenetic naturalness or as phylogenetic naturalness. When 
used in this thesis natural classification shall imply 
phylogenetic relationships unless otherwise stated at one 


particular instance. 
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25 
addition to trying to achieve phylogenetic naturalness in 
classification, one must also consider the usefulness and 
clarity of the system. It is perhaps understandable to 
adopt the system of using names of genera of extant plants 
for fossils when dealing with such genera as Ginkgo in 
which there is only one extant species. To many plant taxo- 
nomists G. adtantotdes (Unger) Heer and G. laramiensis Ward 
will be readily recognizable as names belonging to extinct 
plants. However, with genera such as Acer, having 14 
species in the northeastern United States alone (Fernald, 
1950), only specific authorities would recognize A. bolandert 
Lesquereux as a name deSignating a fossil species. 

The second argument, that all characteristics of the 
fossil material are included within the diagnosis of the 
extant genus, is true as a simple statement of fact. How- 
ever, except for a few unique cases, the fossil material (by 
virtue of its fragmentary nature and preservation) does not 
demonstrate many of the characters which are taxonomically 
importanbeim the delimitation of »the genus. 

As an example, many angiosperms are identified (or 
keyed out in texts) on the basis of reproductive organs. 

The fact that a given fossil leaf, for example Acer 
bolandert, is the same as leaves found in representatives of 
the genus of extant maples becomes less important when it is 
realized that no data are available on such characters as 
reproductive structures or xylotomy which might indicate the 


two are quite distinct taxonomically. Thus, the similarity 
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of a fossil leaf (or other plant organ) to an extant counter- 


part does not, indeed cannot, be taken as evidence that the 
entire extinct and extant organisms are identical (at the 
generic level). To do so denies the paleobotanically proven 
fact that different plant structures evolve at different 
rates in certain organisms and negates the possibility that 
the majority of the organs of a given plant may have evolved 
into generic uniqueness in a given number of million years 
while one organ remained unchanged. With this in mind it is 
apparent Co this author that it) is neither logical nor 
natural to place such a fossil within a genus of extant 
plants where many characteristics and organs are known. It 
would appear that this situation is.an example of what was 
envisioned when provision was made for organ and form genera 
in the nomenclatorial code. 

In keeping with the aforementioned philosophy, all new 
genera described in this thesis and thought to be closely 
allied to genera of extant plants will be given names with 
encindgs dat teringy frome those of tEhesextantecorrelative a. Lt 
may be argued that this policy, if uniformly adopted, would 
add greatly to the number of names in use, and thus add 
confusion to the already copious body of literature. THLS, 
however, seems to be less objectionable than the possible 
inaccuracy and lack of clarity incurred by inclusion of 
fossil material representing single plant organs within 
genera of extant plants representing entire organisms, or at 


least several organs of a single organism. 
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No specific classification will be used in the section 
dealing with the microflora. For the two megafloras, the 
system of Engler and Prantl as presented in Willis (1966) is 
used for angiosperms. Gymnosperms are classified according 
to Dallimore and Jackson (1966) and all other vascular plants 
are Classified according to the system given by Smith (1955). 
Some deviation from these systems is inevitable, but 
instances of this will be:discussed in the appropriate 


DOxruions: of thestext. 


Volcanic TOEt Elora 


This flora is the lower (Text-Figs. 1, 2) and older of 
the two megafloras found at tHe among Tower Vocattcys vt s 
predominantly coniferous in composition (greater than 753%), 
but exact percentages for individual taxa have not been 
presented for the reasons stated in the statistical portion 
of the preceding chapter. The remains appear to represent 
floras that grew at different times. The evidence supports 
the conclusion that the fossil Fqutsetum found in the layer 
(and included in the systematic descriptions) grew after 
initial= deposition of*the volcanic ash, and succeeds the 


time when leaves of the coniferous genera were deposited. 


Systematic List of the Flora - Numbers in brackets in the 
following list represent the total number of specimens from 


various sources used for the study. 
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Class: Equisetinae 
Family: Equisetaceae 


Equtsetum areticum Heer (107) 


Class: Gymnospermae 
Order: Ginkgoales 
Ginkgo adtantotdes (Unger) Heer (38) 
Order: Coniferales 
Family: Cupressaceae 
Thujopposttes interruptus (Newberry) nov. 
gen. et nov. comb. 
(92) 
Family: Sciadopityaceae? 
Setadopttophyllum canadense Christophel 
leaves attached (11) 
leaves unattached (79) 
Family: Taxodiaceae 
Glyptostrobus nordensktoldtt (Heer) Brown 
(437) 
Metasequota ocetdentalis (Newberry) Chaney 
(1816) 
Class: Angiospermae 
Sub-class: Dicotyledonae 
Family: Cercidiphyllaceae 


Cercidtphyllum sp. (12) 


1 Dallimore and Jackson (1966) do not recognize this family, 
but place Scitadopitys in the Taxodiaceae. 
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Family: Platanaceae 

Platanus raynoldsti Newberry (20) 
Family: Ulmaceae 

Zelkova sp. (16) 


ipeertae Isedve. (32) 


Class: Equisetinae 


Family: Equisetaceae 
Equtsetum arcticum Heer (1866) 


If frequency based on numbers of specimens were 
presented for this flora, Equisetum would prove to be by 
far the dominant member. Examination of the material points 
up two important facts: (1) only underground (i.e. rhizoma- 
tous and tuberous) material is present, and (2) this 
material, unlike other plant remains in the horizon, runs 
through the matrix at all angles and in all directions, in 
many cases piercing foliar remains of other genera (Fig. 
89). These facts indicate that the growth of Fqutsetum was 
secondary to the deposition of the ponents flora and the 
volcanic ash itself. The presence of a layer of coal 
directly above the rhizomatous Equisetum-bearing bed tempts 
one to make a comparison with the stigmarian underclays 


found beneath the coal seams in Pennsylvanian age deposits. 


Description - Recent authors (Brown, 1962; Graham, 1965; 
Becker, 1969) have recognized the possible interspecific 


variation in Equisetum and have placed together remains 
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which show some variability in either Equisetum sp. or into 
EF. arettcum Heer. These investigators do not recognize the 
numerous species erected earlier by Hollick (1936), 
Lesquereaux (1883) and Bell (1949). The specimens represent- 
ed at the Smoky Tower locality fit into the original 
description of EF. arctitcum Heer and the quantity of material 
allows the circumscription of the diagnosis to be expanded. 
The rhizomatous portions exhibit maximum diameters of 2.0 cm 
with the average being about 1.5 cm. The largest intact 
rhizome recovered (Fig. 11) is just over 49 cm in lenath 

and nace 4 nodes bearing tubers. 

Tubers were found to average 3.8 cm in length, having an 
obovate shape with a distinctly constricted proximal 
attachment (Figs. 5, 7, 10). The average maximum diameter 
was found to be approximately 1.5 cm, while the greatest 
number observed attached to a Single node was six. Numerous 
scars were observed on many specimens (Figs. 5, 8, 10) toa 
maximum of 14. Nodes bearing tubers often were shown to 
produce roots (Figs. 5, 8) in the same manner as extant 
species. Some smaller rhizomes with only roots at the nodes 
were also collected (Fig. 4). The larger rhizomes consist- 
SnUveexti oftede ribbing (1gs.=o,. 6, —§ 0) Pond preser ved) nodal 
plates (Fig. 9) all showed evidence of having either Lhe a 
13 vascular bundles. In two specimens the internodal cross- 
Section was seen (fig. 6G). in both’ cases iz vallecular canals 
and thirteen partitions were observed. 


In a monograph of the sub-genus Htppochaete, Hauke 
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(1963) discussed in great detail the taxonomically signific- 
antecharacters of the included species and also listed 12 
characters which could be used in constructing a phylogeny 
Of extant species. It is interesting to note that only two 
of these characteristics, axis size and rhizome surface 
(smooth vs. rough or ridged), could be applied to the 

fossil material. Even these characteristics are of little 
aid in interpreting the material, in that large axis size 

(a relative measurement) is considered primitive by Hauke 
while a ribbed rhizome is considered advanced. Thus it is 
impossible not only to make any phylogenetic interpretation 
Tromethiisstype of material, but 1t rs also obvious that the 
majority of characters considered taxonomically significant 
are not observable in compression fossils of this type. 

This combination of axis size and ribbing found in the 
fossil material would also tend to cast some doubt on their 
usage by Hauke in relation to phylogenetic interpretation of 


extant species. 


Remarks - As noted earlier, all specimens observed fall 
within the limits of the diagnosis by Heer for F. arcttcum 
and are similar to specimens figured and described by Bell 
(1949) and Becker (1969). Based on the internal structure 
exhibited by the Smoky Tower specimens it would be possible 
to emend the diagnosis. However, as the taxon has assumed 
the role of a good organ species representing a fairly large 
range of gross morphological features, there appears to be 


movadvantage in increasing the specificity of the diagnosis. 
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FIGURES 4-1l. 


Figs. 4-ll. Equisetum arcticum Heer from the tuff horizon. 


a Re jo Specimen $1642 - small rhizome showing roots at 
the: node... x 3 


Be e's Specimen P67.1.8 - a node showing one large attach- 
ed tuber and numerous root and tuber scars. X 2 


ELGG. Specimen $3164A - an internodal cross section of 
a rhizome, showing the probable pith and valle- 
Culay Cana lS 100 vans. 3 


PaGaL. Specimen P67.1.33 - portion of a rhizome showing 
a node with two attached tubers; deposited in the 
Alberta Provincial Museum and Archives collection, 
Edmonton. xX 1.4 


Page o Specimen S3108 - rhizome showing internodal rib- 
bing and two attached tubers. X 2.5 


fame s «ee Specimen P67.1.81 - nodal plate showing probable 
ring of vascular bundles; deposited in the Alberta 
Provincial Museum and Archives collection. X 2.8 


Fig. 10. Specimen $2894 - rhizome showing internodal 
ribbing and two attached tubers. xX 1.4 


Fig. 11. Specimen P67.1.1 - single rhizome showing several 
nodes and internodes with tubers attached at the 
nodes; deposited in the Alberta Provincial Museum 
and Archives collection. xX 0.3 
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As is shown by Hauke's criteria for determining species of 
Equtsetum, the comparative values of £. arettecum in terms of 
intergeneric differences and comparisons with the modern 
flora are negligible. The value of the species therefore 
lies primarily in’thatert? provides’a™ basis for correlations 


with other “fossil localities. 


ORDER: GINKGOALES 
Gtnkgo adtantotdes (Unger) Heer 1878 


Description - Among the 38 specimens studied from the Smoky 
Tower locality, it was possible to observe almost all of 
the variations in leaf shape observed in Ginkgo biloba by 
Chamvger Taine ’(193'5 — Fig. 206). Lobing varies from non- 
existant to deeply lobed (Figs. 12-15) and in general out- 
‘line, from cuneate (Fig. 15) to approaching reniform, which 
is the commonest shape in the extant species. When present, 
petioles are seen to be well developed, almost equalina the 
length of the lamina in smaller specimens (Fig. 16) and 
almost twice that length in some more mature specimens 
(specimen S3409A - unfigured). Venation was also found to 
be consistent with that observable in the extant species. 
Parallel venation with open dichotomies (Fig. 17) was 


observed in all specimens in which venation is preserved. 


Remarks - As with all other taxa (excluding Equisetum) found 


in the volcanic tuff stratum, those specimens found 
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in situ’ were extremely localized in their lateral distri- 
bution (Text-Fig. 6). In one instance several leaves found 
LM causing lejplece! ofp tutini (Rig wi3)) sexhdbithsthe warying 
degrees of polymorphism discussed earlier. 

In recent years much speculation has been undertaken in 
regard to the evolution within the genus and the taxonomic 
variation. The observation has been made that the cuneate 
shape dominated in the Cretaceous specimens while the reni- 
form shape first appeared in the Paleocene, although some 
Specimens of this age and younger (including the extant 
G. btloba) still persisted in a cuneate variety (Brown, 
1939, 1962). Brown summarized his feelings on the taxonomy 
of the fossil Ginkgo specimens with the following statement 
GLO 624e:D 0 477-)e: 

"As the first well-developed reniform leaves of Ginkgo 
appear in the Paleocene, I favor restriction of G. 
adtantotdes to the Cenozoic. This species, however, 
like G. btloba, may include leaves having the form 
of the Cretaceous G. laramtensts and the Jurassic 
G. digttata. When, therefore, these kinds only are 
found in a Paleocene or later collection, they can, 
nevertheless, be identified as G. adtantotdes, on 
the presumption that they are such variants. 

Certainly less harm, if any, is done by this practice 

than, for example, to identify simple, undivided 

cuneate Ginkgo leaves, wherever found, whether in 

Mesozoic or Cenozoic strata, or even on the living 

tree, as G. laramtensts." 

As observed by some earlier workers (Berry, 1935, Dorf, 
1942), the supposed difference attributed to G. laramiensis 
is only observable where large suites of fossils are at 
1 A large quantity of material, brought down by erosion and 


the original road construction is included in the study 
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hand. However, the validity of the species G. laramiensis 
1s not the central focal point of the issue. While most 
paleobotanists and taxonomists will agree that lumping all 
cuneate leaves from phedaerassic to the present in one 
species is absurd, it is equally unreasonable to separate 
Cretaceous and Paleocene specimens which are identical 
merely on their stratigraphic occurrence. Large numbers of 
plant species are found which span the Cretaceous-Tertiary 
boundary without change, and thus it does not appear to do 
"less harm" by assuming Ginkgo did not span this boundary 
than by assuming it did. 

In an extensive study of the evolutionary trends in the 

genus Ginkgo, Tralau (1968) observed that some of the 
Cretaceous specimens in which cuticles were present could be 
shown to differ slightly from the Paleocene ones by the 
presence of papillae on the subsidiary cells around 
stomates. He also observed that one Eocene specimen differ- 
ed from the extant forms in stomatal characters, while most 
other upper Cretaceous and Tertiary forms were well within 
the bounds of variability shown epidermally by G. biloba. 
An additional significant fact mentioned by Tralau was that 
the majority of specimens and taxa with affinities to Ginkgo 
from the Cretaceous and Tertiary did not have cuticles 
preserved, and thus it was impossible (excluding some lower 
Cretaceous specimens) to distinguish them satisfactorily. 

Based on Tralau's study and on observations of specimens 


from various localities it is the opinion of this author that 
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12-17. Ginkgo adtantotdes (Unger) Heer from the tuff 
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Specimen S2738A - small leaf showing no lobing. 
bn hake, 


Specimen S2738B - small leaf showing slight 
iRejopheteiee 9.4 Bb 7! 


Specimen S2733A - leaf showing slight lobing and 
a shape approaching reniform. <X 1.4 


Specimen P67.1.142 - leaf showing moderate lobing 
and definite cuneate shape; deposited in the 
Alberta Provincial Museum and Archives collection, 
Edmonton. XxX IL 


Specimen P67.1.79 - leaf showing a petiole of 
approximately the same length as the leaf lamina; 
deposited in the Alberta Provincial Museum and 
Archives ‘collection, Edmonton: = xXe2.. 


Specimen S1918A - portion of a leaf showing the 
dichotomizing veins near the leaf margin. X 8 
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unless the diagnosis is emended to include definite cuticul- 
ar variants, the species G. laramiensis would be best placed 
in synonomy with G. adtantoitdes due to the lack of signific- 
ant characters of a general nature that distinguish the two. 
The specimens from the Smoky Tower locality are definitely 
Tertiary, and thus assignable to G. adtantotdes no matter 
whose taxonomic philosophy is followed. However, as a 
general principle, it would appear that more confusion 
might be caused by assigning noncuticularized, cuneate 
Ginkgo leaves from a locality 65-70 million years old to 
G. laramtensts because of their age than to assign them to 


G. adtantotdes on the basis of their morphology. 


ORDER: CONIFERALES 


FAMILY: CUPRESSACEAE 


Genus: Thujopposttes gen. nov. 


Diagnosis - Branchlets flat, linear, opposite, and deciduous; 
subtended by pairs of persistent, opposite cupressoid leaves. 
Leaves four-ranked, appressed, with laterals having acute 
apices and upper and lower ranked leaves being mucronate. 

Leaf tetrads#show no-andication of spiraling, with the mid- 
veins of the upper and lower ranked leaves forming contiruous, 
straight rows along the branchlets. Larger axes naked with 
the exception of the opposite pairs of scale leaves subtend- 


ing positions of dehisced branchlets. 
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Thujopposites interruptus (Newberry) 


Christophel comb. nov. 


Thuja tnterruptus Newb., 1868, Ann. N.Y. Lyc. Nat. 
Hels ry enV Olimar enna ee 

Libocedrus sabintana Heer, 1871, p. 34. 

Thuites interruptus (Newberry) Bell, 1949, p. 52. 


Ltbocedrus tnterruptus (Newberry) Pabst, 1968. 


Diagnosis - Branchlets flat, linear, opposite, and decid- 
uous; subtended by pairs of persistent, opposite cupressoid 
leaves averaging 8-10 mm in length. Leaves four-ranked, and 
appressed. Lateral leaves averaging 6-9 mm in length with 
acute apices. Upper and lower ranked leaves mucronate, 
averaging 6-10 mm in length and 5-7 mm in width at the base. 
Heavy midrib prominent on upper and lower ranks of leaves 
giving the appearance of a continuous line along the branch- 
let (Fig. 22). Larger branches naked, excepting paired 
leaves subtending areas of dehisced branchlets (Fig. 19). 
Average distance between branchlets is 25-28 mm when measured 
on mature branches where dehiscence has already occurred. 
Holotype - The same specimen as the basionym, Thuja tnter- 
rupta Newberry. 
Hypotypes - S-1820 (Figs. 21, 22) and S-3451A (Fig. 19) 
deposited in the paleobotanical collection, 
Department of Botany, University of Alberta, 


Edmonton. 
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Description and Discussion - The new genus and combination 
are based on Thuja interrupta Newberry which is the nomen- 
Cclatorial basionym for the comb. nov. The original species 
diagnosis (as quoted in Newberry, 1898, pp 25-26) reads as 
follows: 

"Branchlets flat, narrow, linear, pinnate, opposite, 
except at the summit of the branch, somewhat remote, 
connected only by the slender woody axis on which the 
leaves of the branchlets are not decurrent; leaves 
in four rows appressed, those of the upper and lower 
ranks orbicular or obovate, shortly mucronate, lateral 
ones longer, subulate, terminating in awnlike points; 
larger branches naked or bearing closely appressed 
linear scalelike leaves." 

The above diagnosis has been emended here to include the 
deciduous nature of the branchlets and some measurements of 
leaf size which are not inconsistent with those of the 
species listed in synonomy. While the original diagnosis 
stated that branches are not opposite at the apex, it 
appears that Newberry's observations were based on specimens 
where apical branching was obscured, due in some measure to 
the density of the branchlets in that region. In all speci- 
mens observed from the Smoky Tower locality, even ultimate 
branchlets are opposite (Fig. 18). 

Pabst (1968) reviewed the material previously placed 
in Thuja tnterrupta, and based on additional material from 
the Chuckanut Formation in Washington, placed the entire 
complex in the genus Libocedrus. Her decision was based, 
in part, on a study of the extant incense cedar of 


California and Oregon and the Chilean cedar of South America. 


It is interesting to note that while Pabst considered both 
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of these species to belong to the genus Libocedrus, many 
other authors (Florin, 1963, and Dallimore and Jackson, 1966) 
considered them distinct enough to belong in separate genera 
(Calocedrus and Austrocedrus respectively). 

The author had the opportunity to study Pabst's material 
while visiting the University of Berkeley, California, and 
reached the conclusion that the Chuckanut material was as 
Similar to the extant genus Thuja as it was to any of the 
others just mentioned. The foliar specimens and the 
apparent reproductive structures can be definitely classed 
as cupressoid, but not positively placed with a genus of 
extant plants. 

The decision to establish a new genus was based on the 
above-mentioned observations. The fact that Florin (1963) 
refused to separate the closely allied qenera of the 
Cupressaceae in his consideration of their distribution in 
time and space also indicates the potential value of a new 
organ genus for this type of material. While the leaves 
most closely resemble Thuja in their size and shape, 
precedent has been set for the creation of a new genus based 
on opposite arrangement of vegetative units. An analogous 
situation existed in the Taxodiaceae with the creation of 
the genus Metasequoita Miki. Thus the new name indicates the 
similarity of the leaf size and shape to Thuja (particularly 
to Thuja plieata as can be seen in Figures 20 and 23), and 
also indicates the opposite nature of the branchlets not 


found in extant members of the genus. The generic ending 
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for the new name is in keeping with the principles stated in 
the opening pages of this chapter. 

No reproductive structures assignable to the taxon have 
been found at the Smoky Tower locality. However, in a0 
personal communication, Mr. H. Schorn, University of 
California, Berkeley, has described a specimen from the 
Taceiary of Washington which has vegetative remains definite- 
ly assignable to the taxon and also what appear to be female 
cones attached showing opposite arrangement of scales. Such 
evidence would add definite strength to the validity of the 
genus, and it is hoped that further study of the material 
can be made. 

Chaney and Axelrod (1959) made a thorough study of the 
Miocene beds of the Columbia Plateau in which the Cupress- 
aceae was well represented. Of the four genera discussed 
and figured by them, however, none shows evidence of 
opposite arrangement, and from this it can be deduced that 
either the genus Thujopposttes did not extend that far 
geographically or that the genus had evolved or become 
extinct by that time. To the best of this author's know- 
ledge, no reports of the genus are found in the literature 


of material vounger than Paleogene age. 
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FIGURES 18-23. 
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Specimen S1960A - Thujopposites tnterruptus 
(Newberry) comb. nov. showing the opposite pattern 
of branching extending to the apex of the axis. 
XLS 


Specimen S3451A - hypotype of 7. tnterruptus 
showing the opposite pairs of leaves remaining on 
major axes after branchlet dehiscence. X 1.3 


Branch of extant Thuja plicata (red cedar) showing 
the alternate arrangement of branchlets and sub- 
tending scales after branchlet dehiscence. X1.3. 


Specimen S1820 - hypotype of Thujopposttes tnterr- 
uptus showing the opposite arrangement of branches 
and leaves. X 1.5 


Specimen S1820 - enlarged view of Fig. 21 showina 
the decussate leaf arrangement and the almost 
continuous dark line formed by the midribs of 
facing leaves. X 3.2 


Enlarged view of Fig. 20 showing alternating 
branchlet arrangement and attenuated bases of the 
leaves on the major axis. xX 4 
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FAMILY: SCIADOPITYACEAE! 


Setadopttophyllum canadense Christophel? 


Generic diagnosis - Foliar shoots bearing whorls of lanceol- 
ate leaves with a distinct dark line running the length of 
the leaf in the position of a midrib. Each whorl is sub- 
tended by a group of scale leaves also apparently arranged 
in a whorl. Lateral branches, when present, are short, 
having the appearance of a spur shoot, with whorls of the 
two types of leaves at the tip. Between groups of whorls 


other scale leaves occur in a loose spiral on longer shoots. 


Species diagnosis - Foliar shoots bearing whorls of from 

8-12 lanceolate leaves ranging 6-16 cm in length and 2-5 mm 
in width at the widest portion of the leaf. These whorls are 
subtended by a group of scale leaves ranging in length 1-3 
mm. Near the shoot apex, whorls of leaves are spaced 6-11 
mm apart. Lateral branches, when present, show a maximum 


length of 12 mm before production of the first set of leaf 


1 Dallimore and Jackson, whose classification is being used 
here for conifers, do not agree with placing genera related 
to Setadopitys in a separate family. However, various 
authors, including Arnoldi, Buchholz, and Florin have at 
various times supported separation of this group from the 
Taxodiaceae. For reasons stated later in the chapter, 
this viewpoint is supported by the author. 


Much of the descriptive material is either taken directly 
or paraphrased from the original article describing the 
genus (Christophel, 1973). However, as the taxon is based 
entirely on material from the volcanic tuff horizon of the 
Smoky Tower locality, much of that paper is included here 
for the sake of the completeness of the thesis. Text- 
Fig. 3 and Figs. 24-32 are taken directly from that paper, 
though are renumbered to fit the thesis sequence. 
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whorls. Spirally arranged scale leaves are placed 1-2 mm 
apart along the vertical axis. These scale leaves are the 
same size as those borne in apparent whorls below the long 
leaves. 
Holotype = Specimen $3016 (Fiq. 24) which is deposited in 

the paleobotanical collection, Department of 

Botany, University of Alberta, Edmonton. 
Paratypes = Specimen S2890 (Fig. 28), specimen S2874B (Fig. 

35)> and Specimen’ S3064B (Figs. -33,7 34) which 

are deposited in the same paleobotanical 


collection as the holotype. 


Perscription and “ALfinie1es — Prior €o the publicationsou tne 
diagnostic paper (Christophel, 1973) numerous detached 
leaves of Sctiadopttophyllum canadense had been collected at 
the locality. Lack of cuticular material allowed specula- 
tion when considering the affinities of the material to 
include the podocarps, the pines, Setadopittys, and even the 
sedges. Based on only the detached leaves, little thought 
was given to Setadopitys affinities, because one of the 
obvious morphological features of this genus is the presence 
ofebifurcate leaf tips; which is clearly absent ‘in the 
fossil material (Fig. 29). Discovery of specimens showing 
attached leaves in the summer of 1971 suggested a strong 
relationship with Setadopitys, and a comparative study with 
living and herbarium material was begun. 


Needles from a forty-year-old herbarium sheet (Fig. 30) 
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showed not only a tendency for the bifurcate leaf tips to 


become obscure, but also for the stomatal groove to become 
considerably darkened, giving the impression of a single 
meédiansvascular trace (Fig. 32). Although this wae the 
oldest sheet examined, it is interesting to note that the 
number of obscured tips and the darkening of the stomatal 
furrow increased with the age of the herbarium sheet. Even 
living material showed a striking variety in apex morphology. 
For example, Fig. 31 (A) shows a younq needle, Fig. 31 (B) 
a mature needle, and Fig. 31 (C) a dehisced needle approxi- 
mately two weeks after abscission. Only in the mature, 
attached needle is the bifurcate tip an obvious character- 
TSbLce 

A comparison of the fossil type specimen and a young 
shoot from a herbarium specimen of Setadopitys verttctllata 
shows an obvious similarity in their qross morphology (Figs. 
24, 25). Close observation of their respective leaf 
attachments shows even strong similarities (1) in the 
spacing of the spirally arranged scale leaves on the main 
shoots, (2) in the apparent whorled nature of the lona 
leaves and the subtending scale leaves, and (3) in the 
linear spacing between groups of leaf whorls (Figs. 26, 27). 
The brevity of this spacing is also significant in inter- 
preting the apparent lateral "short shoots" encountered :.n 
some specimens (Figs. 28, 35, 36). 

Young lateral shoots of both fossil and extant speci- 


mens may have the appearance of spur shoots such as those 
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found in the genera Ginkgo and Lariz. They differ from 
true spur shoots, however, in that they maintain successive 
whorls of leaves as the shoot increases in length and they 
display internodal growth of the same magnitude as main 
shoots. Thus, although the specimens in Fig. 28, Fig. 35, 
and Fig. 36 appear to have spur shoots, these would probably 
all have the appearance of the shoot shown in Fig. 24 if 
they had matured. The whorl of leaves directly subtending 
a new lateral shoot has the tendency in the extant species 
to abscise soon after lateral shoot production. This 
tendency could not only account for the absence of leaf 
whorls on the main axis of the specimen in Fig. 28, but 
could also explain the large quantities of detached leaves 
foundhat then localitysprdtedas true,thatiin the extant 
Setadopttys the branch buds produced in the axils of scale 
leaves develop at a much more acute angle than illustrated 
by Setadopttophyllum, the average angle in the former being 
38-48 degrees, while in the latter 75-85 degrees. It is 
also worth noting that the extant species shows a marked 
tendency to retain the flange of scale leaves below the 
newly developed bud, while this is not true in the fossil 
material. However, though both of these points may be used 
to justify placing the fossil material in a genus other than 
Setadopitys, they do not appear critical enough to negate 
the possibility of a close relationship to Scetadopttys. 

‘One specimen (Figs. 33, 34) was mentioned in the 


original paper (Christophel, 1973) because of its variation 
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in leaf position. Unlike the extant genus, and all other 


specimens of Scetadopitophyllum collected to date, this 
specimen shows long leaves attached singly along the major 
axis in an apparent spiral fashion. In addition, the 
specimen shows the typical whorled Ceca (Big. 337 
letter W) of long leaves at either a node or on a short 
shoot. The letter B in Fig. 34 shows an apparent short 
shoot bud, which in this case is also subtended by a long 
needle instead of either a flange or single scale leaf as 
found in the other fossil material. This specimen is then 
open to three possible interpretations. It may be inter- 
preted (1) to represent a unique genetic variant within the 
population, (2) to indicate a possible ancestral character 
which has been lost, repressed, or modified in the extant 
genus, or (3) as giving evidence that the fossil material 
is not as closely related to the genus Setadopitys as was 
postulated in the original description of the genus. 

As only one specimen showing these somewhat different 
characteristics was recovered, all three interpretations 
must be seriously considered. However, the third possibil- 
ity seems least likely, in that the characteristics by 
which this specimen differs from the other material of 
Setadopttophyllum are not great enough to taxonomically 
isolate it from them. 

The genus Sctadopitytes Goeppert and Menge (1883) was 
used to describe isolated leaves which showed a Setadopitys- 


like epidermal pattern. All species of this genus reviewed 
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by Florin (1922) were also isolated leaves from which 
epidermal structures were obtained and described. The new 
material of Sctadopitophyllum differs from that described 
previously for Sctadcopitytee in that (1) leaves*are found 
attached to axes, (2) no bifurcate tips are present, and 

(3) cuticular remains are completely lacking. For these 
reasons, it is difficult to justify combining Sctadopito- 
phyllum and Sectadopitytes. In recent years many paleo- 
botanists have erected new species within the genus Scitado- 
pttys for remains found in late Cretaceous or younger strata. 
Many of these, such as S. marcodurensts Weyland, Kilpper, 

and Berendt (1967), are also based on similar epidermal 
structures and are thus more justifiably placed in the genus. 
The obvious similarities of both Setadopttophyllum and 
Setadopttytes to the extant Setadopitys, however, leave 
little doubt about the close relationships of the three 
genera. 

In the original paper (Christophel, 1973) note was made 
of a possible association between Cryptomerites and Setado- 
pttophyllum at the type locality. Since that time, however, 
an extensive study of the supposed Cryptomerites has shown 
it to be the cryptomerioid foliage of Glyptostrobus. 
Glyptostrobus, often found in the fossil record in associ- 
ation with Cercidiphyllum and Metasequota, is a monotypic 
genus restricted to the Chinese coast and thus a member of 
the relict Sino-Japanese flora which also includes Sctado- 


pttys and Cryptomerta. 
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Based on morphological similarities discussed above and 
on ecological associations, it appears there is sufficient 
evidence to place Sciadopttophyllum in the Sciadopityaceae 
which already contains Setadopitytes and Setadopitys. Plac- 
ing Setadopttophyllum on a distribution map with the two 
latter genera (Text-Fig. 3, Setadopttophyllum indicated by a 
solid triangle) indicates a more holarctic distribution for 
the family from the Cretaceous on. This might be expected 


from a study of its ecological and floristic associates. 


Characteristics of the Family - Since the extant species 
Setadopttys verttctllata Siebold and Zuccarini (1841) was 
described, its relationship in regard to other conifers has 
been in question. In his classic work on cuticle analysis 
Florin (1931) showed both in stomatal distribution and 
structure that Sctadopitys was distinctly different from 
other members of the Taxodiaceae, and proposed that it might 
be wise to separate it into a distinct family. However, 

32 years later (1963) in his equally classic work on conifer 
distribution he included them in the Taxodiaceae with hardly 
a comment. Pilger, in Engler and Prantl (1926) circumvented 
the problem by placing the genus in a separate subfamily 
(the Sciadopitinae) within the Taxodiaceae. Buchholz (1931) 
discussed suspensor development in the genus and also came 
to the conclusion that it differs significantly from other 
taxodiaceous members. More recent work on its embryology 
(Doyle and Brennan, 1971) states this difference succinctly: 


"In practically all the examples already referred to 


-os ld ibdieteces i Bis agdysiqebate? packistoseate eineate dali 
ows odd dtiw qem nolsudiad2t8 | & no mS iyigotiqsbsted pak 


s yd bedsokbat med Tyaigor Sqebute? .£ ,ot%-sxeT) stensp eet) M 


102 nottudrtieib otdousfod siom 6 aetsoibat (elpmsizt Biioa | 
betpeqxs od tdpim efit .mo aos ose) edt mox shames, eds 
.eedsivores oitaitolt bas Isvtpoioss ati to ybuse 5 mox2 


eoetosqe jnede say eonte ~- viitast edt to ye 
asw {Ib8L) inixkoo#S bas Biodsie® stat lYotacst at tqobniee 
eed aystinon teddo ot buapss ai Gidenottsies etl ,/beditrousb. 
atevisns slottus no AYow ofeasio ein aI .noltesup nt need 
bie nottudtutekb Istemosa ot tod Bewore (L6@L) mizol4a 

most tnersiiib yitoaisekb asw sy tqoba tot sends exsjoure 
tripim +i ted? beseqoxq bus ,esaoniboxsT sdzt to sivedtiiea! WBS 
,1sVeavoH -yfimst gonisgeib s otni ti sisrseqea oF seiw ed 
xStinoo to Ar0w oikannes yiisups eid mi (€0@L) -tetst BISSY Se 
vibisd dtiw sssvsthoxst soit at nsdd bobuLlont ed noltudiztelb 
Hatnevmuoxris (S8$0l) I4aesd bas ztelpxa at ,2zsepirig .Jnemio0o 8 
ylimsidva etetsqee s ai avnsp sft patostg yd meidora 9d 
(LE@L) sfloddevt. .sgenstboxusT sis niddiw (auetsiqobstse eda) 


em6> O&8ls bas aunsp ot at tasmqgolevsb toaneqerve Beeevoeib 
xsito mort yldaspiiinpie exetti st gsdd nobewfonos sid oF 
yeoLoyrdm ati no xxow trecvet stom .atedmen apenas = 


7 


7 


«. 


: 


53 

[Taxodiaceae] the occurrence of cleavage has been 

associated with embryological advance. Sctadopitys 

adds to its special characters by being a complete 
exception to this general condition. The develop- 
ment of the proembryo closely resembles that of the 

Simplest podocarps such as Podocarpus andinus. There 

are, five  post-fertilization mitoses before.-first 

membrane formation followed by the usual internal 
mitosis affecting commonly all the nuclei (Tahara, 

1937). In the mature proembryo the E group contains 

manyacells;peupsatoi20sortmorejcahdyvis multistoried 

and tapering. This represents quite a primitive 

embryogeny. Nevertheless, not only is cleavage 

present, (Buchholz, 1931) but lt isi present in an 
advanced condition showing a 'primary suspensor' 

stage as in one type in the Taxodiaceae." 

Recent work on guard-cell morphology in the Taxodiaceae 
(Boulter, 1969) at both the light and scanninag electron 
microscope level shows that Sctadopitys also differs from 
all other taxodiaceous genera in the lignification of the 
guard cells as well as in general stomatal structure. 

The general morphology of the vegetative portions of 
the plant has been discussed earlier, and the striking 
differences with the other taxodiaceous genera can be seen 
from this. In particular, the long leaves, thought by many 
to represent a short shoot or the lateral fusion of two 
Simple needles, have been ontogenetically examined by Roth 
(1962) and shown to represent a unique form of meristemaic 
growth which shows no indication that the double vasculature 
indeed represents the lateral fusion of separate simple 
leaves. She does not, however, rule out the possibility 
of the leaf representing a modified shoot. 

Greouss (1955) makes note of the fact that, xylotomic- 


ally, the genus is almost identical to members of the Podo- 


Carpaceae rather than the Taxodiaceae. This is shown most 
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dramatically in the crossfield pitting, where the diagnostic 
taxodioid form of pit is absent in Setadopitys, its place 
being taken by a single large pit extending across the field 
as in Phylloecladus. Greguss escapes taxonomic complexities, 
however, by including the genus in both the Taxodiaceae and 
the Podocarpaceae in his systematic key. 

The pollen grain with a thin exine and typical germinal 
papilla (Taxodtum, Cryptomerta, Athrotaxus, Sequota, Meta- 
sequota) is absent in Setadopitys. The latter has a spher- 
oid to ovoid grain with a heavilv sculptured exine. Thus, 
in most of ene characteristics which may be considered 
taxonomically significant, Setadopitys varies distinctly 
from the taxodiaceous type. 

Despite this large volume of evidence, modern taxono- 
.mists persist in including the genus in the Taxodiaceae. 
Lawrence (1966) places it there with a footnote to the 
effect that there is some difference of opinion. Dallimore 
and Jackson (1966) do not even mention the possibility of 
separation into another familv. In the opinion of the 
author, the evidence of the generic uniqueness is over- 
whelming, and a separate family, containing the genera 
Setadopitys, Setadopttytes, and Setadopitophylilum is not 
only justified, but necessary if any credence is to be given 


to current taxonomic criteria. 
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FIGURES 24=27 
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Specimen $3016 - holotype of Setadopttophyllum 
eanadense Christophel showing a young shoot with 
three whorls of long leaves, each subtended by a 
group of scale leaves. X 0.75 


A young shoot of; Sevadepitys vertictttaraereom 
herbarium sheet #A10452 of the Arnold Arboretum, 
Harvard University. Three whorls of long leaves 
are shown. X 1 


Specimen S3016 - an enlarged view of Fig. 24 
showing the attachment of the leaf whorls. Arrows 
indicate loosely spiraled scale leaves. X 2 


An enlarged view of Fig. 25 showing the attachment 
of leaves. Arrows indicate loosely spiraled scale 
leaves. X 2 
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FIGURES »28=32). 
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Specimen S2890A - paratype of Setadopttophyllum 
canadense showing two young shoots on alternate 
sides of the axis; also shows leaf attachment and 
arcentral spud sexu. 


Specimen S1645 - shows an enlarged leaf apex of 
S. canadense; a dark carbonized line runs the 
length of the needle and is comparable to the 
stomatal furrow position of Setadopttys verticil- 
COC ee eee 


Herbarium sheet #10452 from the Arnold Arboretum; 
collected in 1933; shows a main branch and two 
lateral branches. xX 0.25 


Leaf apices of Setadopitys verttetllata showing 

(A) the tip of a young leaf with little bifurcation 
visible, (B) the tip of a mature leaf showing 
pronounced bifurcation, and® (C)mlhemci pao aa 
detached leaf (two weeks after abscission) showing 
no noticeable bifurcation and a definite dark 

Mmacla nese axes 


Enlarged leaf apex of S. vertterllata from Arnold 
Arboretum sheet #10452, showina no trace of a 
bifurcate tip and a pronounced blackened midline. 
pe. 
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FIGURES 33-36. 


Figs. 33-36. Setadopittophyllum canadense Christophel 


Fig. 33. Specimen S3064B - paratype of S. canadense with a 
portion of axis showing whorls of long leaves 
(letter W) and also long leaves spiraled along 
the main axis. xX 1 


Fig. 34. Specimen S3064B - higher magnification of Fig. 33 
showing a lateral bud (letter B) and spiraled 
long leaves. X 2 


Fig. 35. Specimen S2874B - portion of an axis bearing a 
lateral shoot with a whorl of long leaves; a scale 
leaf appears opposite the lateral shoot. X 1.2 


Fig. 36. Specimen $3013B - lateral branch showing apparent 
whorled attachment of the long leaves. X 3.1 
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FAMILY: TAXODIACEAE 


Metasequota oeetdentaltits (Newberry) Chaney 


In 1951 Chaney undertook a thorough revision of certain 
genera of taxodiaceous plants, with the major emphasis being 
placed on a comparison with the relatively newly discovered 
genus Metasequoia. In this discussion he designated two 
new combinations within the genus, M. occidentalis and M. 
cuneata. The former was considered to be a primarily 
Tertiary species, while the latter was primarily Cretaceous. 
The material from the Smoky Tower locality, somewhat inter- 
mediate in its morphology, is assigned to M. ocetdentalt« 
for reasons stated later in the text. 

A total of 136 specimens was studied from the Smoky 

Tower locality. Many of these, as with most other genera, 
were found to have a restricted lateral distribution in the 
tuff layer. This distribution is discussed in Chapter 5. 
No reproductive structures were found. Thus the structures 
used for species identifications were leaves attached to 
branches. Seventy-five specimens were measured and studied 
BOLectatistical comparison. 

This study showed that the average deciduous shoot’ 


1 A deciduous shoot is defined for this study as being one 


which consists of a single axis and shows no evidence of 


branching. In most instances this term may be equated with 
thesterm “short shoot" used by many authors. —injya thorough 
morphological study it was pointed out by Bocher (1964) that 
"long shoot" and “short shoot! were not descriptive terms 
(in relation to Metasequota glyptostrobotdes), but rather 
developmental ones. Thus they are not really appropriate 

in a discussion of fossil material, and deciduous shoot has 
been chosen as a more descriptive term. 
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contains 10-24 pairs of opposite to subopposite leaves. The 
average number is 14 pairs. Maximum needle length is 20 mm 
with the average being 8 mm. Maximum needle width is 3 mm 
with the average being 1.1mm. The average L/W ratio proved 
to be just over 6:1, and the average axillarv leaf angle was 
shown to be 68 degrees. A random sample of 200 needles was 
examined for their apical configurations. Of these 78 
showed no well defined apex while 82 showed a definite 
mucronate tip, and 40 possessed what appeared to be complete 
tips but lacked mucra. 

Based on terms used in the literature for the descrip- 
tion of Metasequota foliage three categories, ovate, obovate, 
and linear were chosen. When classification according to 
these categories was attempted, it was determined that 39 
couladsnot be adequately placed in any of the three categor— 
ies, 76 would be classed as obovate, 54 as linear, and 3l 
as ovate. 

In addition to the quantitative measurements, certain 
qualitative observations were also made. As mav be seen in 
Fig. 39, the general shape displayed by the branches and 
leaves of a given specimen may be characterized as blunt. 
This configuration is probably related to the L/W ratio of 
the leaves and the leaf shape. Because it is difficult to 
describe, the difference in shape may be best shown by a 
comparison with other fossil specimens (Figs. 37, 38) and 
a specimen of the extant species, M. glyptostrobotdes (Fidq. 


40). Additional features exhibited by the Smoky Tower 
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material included the twisted nature of the petiole typical 
of the genus (Fig. 49), bulbous clusters of scale leaves at 
the base of deciduous shoots (Fig. 42), and persistent 


leaves subtending branches (Fig. 39). 


Discussion - In a study of Chaney's 1951 paper, two 
observations regarding Metasequota are apparent. The first 
is that fossil specimens belonging to this genus are readily 
distinguishable from those of other taxodiaceous genera. 
This subject will be dealt with more fully at the conclusion 
of the description of the family. The second observation is 
that there are two distinct fossil species of Metasequota in 
North America, and that they have well-defined characterist- 
ics by which they can be distinguished. Doubt has been 

cast on this conclusion by other workers (Chandrasekharam, 
1972), and it is the opinion of the author that reexamina- 
tion of the material used by Chaney as well as that from 
Genesee and the Smoky Tower locality indicate that only one 
species is present. 

In reference to the difference between Metasequota 
ocetdentalts and M. cuneata, Chaney (1951, pp 229-230) 
stated the following: 

"Nowhere as common as M. occidentalis, its [M. cuneata] 
characters are less fully known; well preserved foliage 

May be distinguished from that of Tertiary species by 

the obovate shape of many of the needles; most shoots 

I have studied have fewer needles than those of M. 

ocetdentalis, and their divergence from the stem is 

less commonly at or near right angles." 


Bell (1957) emended Chaney's diagnosis for M. cuneata and in 


a discussion which followed listed the following four 


“i D> 9 - ‘eaep agey 


ows .19q8q reer peeing ate ybuse & al ‘= figteauoasa) 

texit elt Te eae to S%6 atoxpeonteM patbrspex angesavieado | 
yiibsex ots Strep ‘pitt of entenolad crpicage {ieeot tad et 
. Stenep ‘phoeoatbhdxal tedso to ozorts mort aldntaioe a= | 
noltenfonos oft 36 yilvi etom dsiw tineb sd {fiw sehen Aa 
et nokisvtesdo Krovea od? .viims? edt to soltqiroeeb edt to 
nt nioupsaate to geiasqe Lieot Jonkzetb ows 916 eseds sane 
-Jetzetosrseds hentteb-ifew eved yed+ tedd bas soi tema ‘tae 
nsed asi tdyod .bedaivpattetbh od neo vers fisindw yd yd ek 


iis 


mexrsiveestbnsdD) exetxow tedto v4 nokevfonoo sid? mo das9 
~siimexsex tedt+ t0djue oft to aoiniqgo edt at $k bas . (S¥eL ' 
mort? tsi3 as [few es venst> yd beey fatzegsm eft to nol 
eno yino t5d3 steobhnt yttievol rewot -ykome edd bas eosens? 
-Sparerg. ai esivege 
Sroupesnte" asewsed oonsisttip arid ot Rosesies ol 
(GES~RSS qq ,f88L) ySanend  Dtpano) 4 bas aiindasbtose 


[ntnonue .M) ati ,abdotasbhtooo .M es @omméo a6 etterwon" — 
eesifot bevrecsiq Liaw sawond yiet oe : 
yd aelosge vashize? a tsit mor? Bedatopat 
etoode tzom ;pelheen eds to. ooaa | to . 
4, to sRedt fads eolisen ews ‘sri 


at) See nee sonepravip sm \aiings 
",aelpns tipix vast 10.9 yf amos aaek | 


of Boe ninenws . 102 atsoapeth: raises, yeaa 1a 


167 oir kv ie> ant beseit GowoLtoR sokdw 


; 
J 7 ‘ 
a i 4 ; | ' 
4 4 f 
f an a ae ma 2 


65 


criteria (p. 31) by which this species may be distinguished 
from M. occtdentalts: 


"However, the writer considers that M. euneata differs 
from M. occidentalis in the following characters: 

(1) the short shoots were much less freely deciduous; 
(2) present lack of evidence for scale-like leaves 

at the base of the short shoots, similar to those so 


commonly found in M. ocetdentaltis; (3) the leaves of 
M. ecunéadta in the axils of which the short shoots 
occur are generally persistent; (4) the leaves of 


long shoots are commonly curved somewhat backwards 

giving the foliage a more lax appearance than that of 

Men OCCTAOCNIOLIS;) on. 

If these differences are examined in light of the Smoky 
Tower material, some striking inadequacies in their diagnos- 
jee Srerecterietics become apparent. With respect to needle 
shape, in his description of M. oececidentalts (pp 226-227) 
Chaney states: "Leaves linear, of nearly the same width 
eULOUGHOUC.. «+, Wille inenis description of Mow cured :a (pe 
229) he states: "Leaves typically slender-oblanceolate,..." 
The Smoky Tower material shows 38% of the needles oblance- 
Oolate (though not necessarily slender) and 27% linear, thus 
making it impossible to use leaf shape as a criterion. 

In relation to number of pairs of leaves per deciduous 
shoot, Chaney states that M. occetdentalts has 20 or more 
while M. cuneata possesses 15-20. Smoky Tower Metasequota 
shows 12-24, thus making this criterion somewhat question- 
able. Chaney's final characteristic is that the Cretaceous 
species, M. cuneata, has a lower angle of leaf divergence. 
By this criterion the Smoky Tower Metasequota would be 


classed as M. cuneata with its average angle of 68 degrees. 


It is interesting to note, that in his discussion Chaney 


oni stod=s ads 
to esvmel edt | ¢trreted: i. 

ebiswiysd asdwomoa bevrua ce | 
to tsdt neds SonaTASqqe xol stom 5 weskto? erg coeds a 


bist blind eae 


[AL tS 


yiome sit to tdpiil ni Senimexs ox6 eeone1st2ib ener 31 - 


-20cpBib xheds ak _pstosupabsai pattixse smoe taksodam towoT 


an 


sibesn ot halgiinks Hsiw .t¢nextsqqs amoned. woksntzetosrado Sha) \faee 
Yeuvsis 
(TSS-OSS qq) satinixshrseo .W to notigtroeeb ekd nk .sqsie 
1S sagen 


ditbiw empe edt vitsen to .seentil esvsed" rendass eaneinr 
-@) nonasue .M Jo noktqiasasb etd at oftdw .° ...duortpuomts 
. Stsilosonsido-1rzeihimele vileotays ae :eetste of (ess 
-soanicio eslibsan soit Io #8E ‘aworle Isixessm wwor ytome oat 
evait ,x1e9nil &fS Baus (xsbaele yitxseesosn goa vena: etalo 
molzasixnd 6 a6 sqsde teol seu oF satan site aa $i. oat ate | 
euoubiosbh 194 esvsel to exisg to tedmon of dattelex at _ or 

siom 10 OS aen atindksbYood . seqd eodeda yensdd ee 

Sioupsastst zswot yoome 08-21 rain: HI nano aw ottrtw | 
“noijgesun sefwenee doitstc1o etrit pelten awd bs-se aworla : i 
exosonde7D oft tei Es size ixesosxero feat? a'yoasdD .sids 7 
-oomsprsvib Yo vrtatpns remot 7 0d .s¢mamuo aM santosge. ti 5 
od binow nkonpaning ai Salta w me oi? nol motanelae aie x 
-asstpeb 82 to — spsxsvs wel od soon ‘ian . 
yonsd). mokaauo: i Gout ce tee | 


66 


indicates that this angle is a point of difference between 
M. ecuneata and M. occidentalis. However, in the species 
diagnoses Chaney uses identical phraseology to describe the 
angle of divergence for each of the two species. 

Looking at the first of Bell's criteria we immediately 
run into difficulties. The degree to which a plant is 
deciduous is not a character which may be readily used 
taxonomically. It is much more a function of the environ- 
ment, as has been frequently observed by the author on 
specimens of M. glyptostrobotdes growing in various 
conditions in the greenhouses at the University of Alberta. 
A striking example of this feature was observed by the 
author on a trip to the campus of the University of 
California, Berkelev, in December of 1972. At this time the 
Bay area experienced the most severe frost it had known in 
40-50 years. Within the space of three days, one particular 
Metasequota not only lost all of its deciduous shoots, but 
each of these dropped all of its needles at the same time. 
Thus, a paleobotanist discovering the remains of Metasequota 
from this particular area and season would call the species 
extremely "freely deciduous". 

Bell's second criterion has been successfully refuted 
by Chandrasekharam (1972, p. 45) based on Genesee material. 
The Smoky Tower material definitely shows the presence of 
basal scale leaves as well, but preserved reasonably in only 
about 30% of the specimens. Thus it is not a character upon 


which ready reliance may be placed. Bell's third criterion 
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is again more closely environmental than taxonomic. Even 
if considered a good taxonomic character, it may be seen 
that both material from Genesee and Smoky Tower have persist- 
ent. subtending leaves (Figs. 37, 39). 

The fourth and final criterion used by Bell is the 
laxness of the needles of the long shoots. As may be seen 
in Fig. 49, the needles of the long shoots of the Smoky 
Tower material bend back to a certain extent, but the degree 
of laxness is subjective. In fairness to Bell it may be 
said that the specimens illustrated in his 1957 paper as 
M. cuneata do indeed recurve and have a definite lax 
appearance. However, the inclusion of these specimens in 
the genus Metasequota is very. doubtful and tends to elimin- 
ate this feature as a diagnostic characteristic for Meta- 
sequota. 

Based on the preceding Be eee cies the Smoky Tower 
specimens of Metasequota and their comparison to the species 
characteristics given by Chaney and Bell, one of three 
possible hypotheses may be made. (1) Because the degree of 
similarity to M. cuneata is higher, the Smoky Tower material 
should be regarded as a Paleocene record of that species. 

(2) Because there is a definite degree of overlap in 
characteristics between the Smoky Tower specimens and 
Chaney's two species, the Smoky Tower material could well 
represent an intermediate species, or (3) 5 Gi nadlve east jehe 
intermediate nature of the material supports the hypothesis 


that the basis for separation of Metasequota cuneata and 
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M. bectBonehads is’not valid, then one or both of these 
species is not acceptable. 

Using solely the descriptions and characteristics 
stated by Chaney and Bell, it would appear that although a 
majority of their characters favor placement in M. cuneata, 
the preponderance of evidence supports the view that the 
Smoky Tower material is indeed intermediate. To evaluate 
the second and third hypotheses, however, it is necessary to 
examine the specimens upon which the species are based. 

In making the new combination, Metasequota occidentalis, 
Chaney gave abundant evidence for its similarity to the 
living species. A comparison of Figs. 38, 40 and also of 
Figs. 47, 48 serve to illustrate this point well. It is 
the description of M. cuneata and the specimens that are 
included in the species that produce taxonomic problems. 

In the following discussion it should be emphasized that 
every specimen listed in synonomy by Chaney and later by 
Bell has not been examined as a part of this study. Only 
the material figured by the two authors will be critically 
discussed. This decision is based on the assumption that 
the authors considered the specimens thev figured to be 
typical of the species. 

Chaney illustrated six specimens (1951, p. 260, Plate 
LibpcRig sii «l =6)snto.<represent the characteristics of his new 
combination, M. cuneata. Using the two characters of leaf 
base and mode of attachment which these specimens show, 


Chaney placed them in his new combination (Chaney, a9 Sy, 
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Plate 11, Figs. 5,3). Previously these specimens from 
Point of the Rocks, Wyoming, were called Sequoia brevifolia 
by Knowlton. For the following reasons they are more 
appropriately left in the genus Sequota than placed in Meta- 
sequota. In both specimens the leaf bases do not narrow 
appreciably to form a distinct petiole. They do not bend 
obliquely to the base of the next leaf, and at best they are 
subopposite, rather than distinctly decussate. The same 
general statement may be made for the specimen Chaney 
figured as #2 from the same locality. The specimen figured 
as Plate Ie #6 is not clear enough to make a definitive 
decision about its characteristics. The author did not have 
other specimens from Marmarth, North Dakota, from which to 
draw conclusions. The specimens figured in Plate ll, Figs. 
1, 4 are the only ones which may be assigned to the genus 
Metasequota with any degree of confidence. A comparison of 
these with Figs. 43, 45, 46, and 49 of this thesis will show 
that they fall well within the limits of either M. occtdent- 
alts or M. glyptostrobotdes. Thus none of the specimens 
figured by Chaney for his new combination, Metasequota 
euneata, give substantial evidence justifying the new 
con tisttont 

There are nine specimens figured by Bell (1957) to 
support his emended diagnosis for M. cuneata (Plate XI, Figs. 
35S 6-*Pplate XTI> Figs. 1-37 Plate XITI, Fig. 2; Plate 
XVlPpenige. Ll, 7). “AS with many of the specimens figured 


by Chaney, the major problem here is justifying their 
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inclusion in the genus Metasequota, let alone their assign- 
ment to the emended species, M. ecuneata. Of all those speci- 
mens figured, only the one illustrated by Plate XVII, Fig. 1 
can be placed with confidence in the genus Metasequota. 
This is based on the observable opposite nature of the 
leaves and the oblique orientation of the leaf base. It is 
to Bell's credit that he eliminated much of os synonomy 
listed by Chaney, replacing these specimens in the genus 
Sequota. Unfortunately, Bell makes no mention of the number 
of specimens studied, and it is impossible to determine the 
significance of the one Metasequota-like specimen figured. 
Based on the characteristics of the genus Metasequota 
espoused by Chaney and Bell, it is possible to include only 
the specimens shown by Chaney (1951, Plate 11, Figs. 1, 4), 
the specimen shown by Bellewbos577) PlateexXVDLy«Fige!l),jland 
the one shown by Dorf (1938, Plate 1, Fig. 10 - Sequoia 
nordensktoldit) Yand) possibly Dorf#{2942,)Plate 6, Figs. 4- 
1l - Sequoia dakotensis) within the genus.’ Considering the 
wide variation shown in leaf and shoot morphology by the 
extant species M. glyptostrobotdes (Figs. 40, 45, 46, 47, 
all of the same plant) and by M. occidentalis (Figs. 41-44), 
it seems unreasonable to establish a new species for these 
few isolated specimens. Careful examination of the Meta- 
sequota found at the Smoky Tower locality (Paleocene) shows 
that the description for Metasequoia occtdentalts (Newberry) 


Chaney is not sufficiently broad to encompass the 


1 The specimen in Fig. 44 is Cretaceous, and figured by Dorf 
(1942, Plate 6, Fig. 6) as Sequota dakotensis. 
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characteristics shown by all Metasequota fossil remains. 


Therefore it is proposed that the diagnosis of M. occident- 
alts be emended to include this material, and that the few 
specimens described as M. ecuneata which have been shown to 
be within the limits of the emended specific diagnosis be 


placed in synonomy. 


Metasequota occidentalis (Newberry) Chaney 


Sequota nordensktoldt(t) Heer, Dorf, 1938, Carn. Inst. 
Waist Pub) .4.5.0.5,e lates Ly Fic. lO . 


CEogouorT ds atkoLlens: S BrOWish DOr. LOA2 Carn neces te 
Wash, 50 6,4 PC... 00 jabateu.6 ph OSke 4a 115 


Metasequota cuneata (Newberry) Chaney, 1951, Amer. 
Pha DOC. TTANS S40 aaDinew > ee lat Ce tile Pace A 


? Parataxzodtum wiggtnstt Arnold and Lowther , 19555 
AMCI sala ePOt. A2cgDe2—O20.~6 4 OS) Aad 2h 

Metasequota cuneata (Newberry) Chaney pars, Bell, 1957, 
Geol. Surv. Can., Memoir 293, Plate 17, Fig. l. 


Sequota occtdentalts (Newberry) Weide, 1962, Feddes 
Repert. 66(3): 159-192. Plates 1-7.* 


Original Description - (Newberry, 1863, p. 516 for Taxodtum 
ocecetdentale) 


"Branchlets terete, leaves numerous, crowded, generally 
opposite, sessile, or very short-petioled, one-nerved, 


‘This taxon is placed in synonomy with some hesitation (thus 
the preceding question mark). The authors of the paper do 
not mention the institution at which the type material is 
stored and the decision to place it in synonomy is based on 
the figures in the paper and their description. An attempt 
is being made to locate the type material, and after doing 
this a reevaluation of the position of the taxon will be 
made. 


2A discussion of the reasons for placing this taxon in 
synonomy may be found in Becker (1969, p. 66). The nominal 
paper is listed in the bibliography under Schwarz and Weide. 
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New Combination Description - (Chaney, 1951, pp 226-227, 
Metasequota ocectdentalis) 


"FOLIAGE SHOOTS bearing monomorphic, acicular leaves 
except at base where they form a stout, scaly tuft; 

of two types, long shoots which are persistent and 
develop into branches, and short shoots which are 
deciduous. LONG SHOOTS bearing needles up to 2.4 cm. 
long and 2 mm. broad; needles decussately attached 
and rotated into flat sprays prior to the development 
of short shoots in their axils, at which stage they 
show a return toward diametrically opposed position, 
and become widely spaced as the shoot lengthens and 
short shoots develop; not all pairs of leaves on long 
shoots have developed; if one short shoot of a pair 
fails to develop or is shed, a long shoot needle may 
persist on the stem opposite the short shoot which has 
developed; subtending needles commonly deciduous 
during or after short shoot growth. SHORT SHOOTS 
slender, 1 Straightedorecurving;utpoto biemteiong; 
bearing at maturity 20 or more closely spaced pairs 
of leaves, decussatelv attached but always rotated 
into distichous position except at the tip of growing 
shoots, longest at middle of shoot and graduallv 
shortening to form a rounded apex; commonly shed 
separately. LEAVES linear of nearly the same width 
throughout, abruptly rounded at base and narrowed to 
a short petiole, bluntly rounded at apex with a 
mucronate tip which is not commonly preserved; at 
middle of shoot length ranges from 6 to 15 mm., width 
from 1 to 2 mm.; approximate average dimensions at 
middle of shoot 11 mm. by 1.4 mm.; closely spaced on 
shoots, branching off at angles commonly approaching 
90 degrees, and seldom as low as 45 degrees; obliquely 
attached on decurrent bases which are prominent and 
extended obliquely down shoot to next pair of needles; 
many needles may be missing from shoots; midvein well 
defined; a dark spot at base of leaf may result from 
absence there of chlorophyll (judging from similar 
areas on modern leaves). PISTILLATE CONES globose 

to ovoid, in some cases oblate or elongate probably 
as a result of compression; ranging in diameter from 
lei tO 2.2 Cu. COL Closed scones, Up sto) 3 .4—LOr1 Opa 
cones, averaging about 1.5 cm.; deciduous on elongate, 
commonly curving, leafless shoots from 2.1 to 6 cm. 
long, 1 mm. in diameter or rarely up to 2 mm. in the 
case of specimens which may be crushed; cone shoots 
have in all cases been shed before preservation; a 
group of scaly leaves may be seen at the base of well 
preserved cone shoots; cone scales peltate, decussately 
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attached, elongated transversely, concave with a 
medium’ depression from which lines radiate to margin, 
10 to 22 in number, averaging 12-16 on smaller cones, 
18-20 on larger. SEEDS elongate, with curving wings 
notched distally, up to 5 mm. long and 4 mm. broad 

over all. STAMINATE CONES borne on specialized shoots; 
only detached shoots have been found, up to 8.5 cm. 
long, but association of groups on similarly oriented 
shoots suggests their attachment on panicles like 

those of the living species; borne laterally in decuss- 
ate pairs which tend to be rotated into a single plane; 
in some instances more than one cone may develop on 
each side; in axils of slender foliage leaves which are 
rarely persistent; young cones globular, up to 2 mm. 

in diameter, becoming ovoid at maturity, up to 5 mm. 
long, 3 mm. in diameter; scales obscure, decussately 
arranged." é 


EMENDED DIAGNOSIS: ? 


FOLIAGE SHOOTS bearing dimorphic leaves, acicular 
except near the shoot base where they are scale-like 
and usually aggregated in a bulbous cluster; shoots 
of two types, persistent and deciduous. PERSISTENT 
SHOOTS bearing needles up to 5 cm. long and 3.5 mm. 
broad; needles generally decussately attached and 
rotated into flat sprays, but may appear sub-opposite 
or spirally arranged, particularly near the apex. 
Branchlets and deciduous shoots develop in the axils 
of leaves, generally in opposite pairs; subtending 
leaves may or may not persist.* DECIDUOUS SHOOTS 
ranging up co, 99cm. in lenglLh, bearing 10-s0epairs 

of leaves, generally decussately formed but usually 
rotated into a distichous position, otherwise appear- 
ing sub-opposite or spiraled. Leaves generally more 
closely arranged than on persistent shoots. LEAVES 
linear, obovate, or ovate, rounded at the base, usually 
petiolate, bluntly rounded at the apex with a mucron- 
ate tip with ideal preservation, otherwise apex more 
or less acutely tapering without evidence of a mucra. 


1 It is suggested by this author that "medium" is incorrect- 
ly used here for "median". 


* Unfortunately Chaney makes no distinction between a diagno- 
sis and a description. A shortened, formal, emended diag- 
nosis is presented here with a more general description 
followinc. 


3 an excellent account of branch development may be found in 
Chandrasekharam, 1972, complete with illustrations. 
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Leaf length ranging to a maximum of 3 cm. and width 
varying from 0.5 to 3 mm.; branching from the shoot 
at angles between 90 degrees and 45 degrees, more 
commonly nearer the former; attached on decurrent 
bases which extend obliquely down the stem to the 
next leaf, exhibiting a degree of twisting; a dark 
spot appearing at the base of the leaf which may be 
comparable to that of the extant species. PISTILLATE 
CONES globose to ovoid, occasionally elongate; rang- 
ing in diameter from 1-2.5 cm. for closed cones, up 
to 3.5 cm. for open cones; deciduous on long stalks 
up to 15 cm. in length; cone scales peltate, decuss- 
ately attached, often elongated transversely, concave 
with a median depression. SEEDS elongate, with curv- 
ing wings notched distally, up to 5 mm. long and 4 mm. 
broad over all.’ STAMINATE CONES borne on simple or 
compound branching axes,* the fertile portions most 
commonly found detached, in which state they mav 
reach a maximum of 9 cm.; cones are borne in the axils 
of successively opposite pairs of leaves, globular 

to ovoid in shape and reaching a maximum of about 

5-6 mm. in length and 3 mm. in diameter; scales, 

when distinguishable, decussately arranged. 


Description and Discussion of Erenda von - Based on a study 
of the morphological range of variance exhibited by the 
extant Metasequota glyptostrobotdes and the fossil species 
M. oecetdentalis from various localities (Figs. 41, 43-46) it 
is deemed reasonable that the diagnosis of the latter he 
sufficiently broadened to allow for these variants and to 
include those members of Cretaceous floras (including M. 


cuneata) which fall within the generic limitations. Char- 


acters previously listed as distinguishing M. cuneata and 


1 As no well preserved specimens of seeds attributable to M. 
euneata are known, and as no additional seed material of 
M. occidentalis was examined, Chaney's diagnosis of the 
seeds is left unemended. 


? Whereas Chaney surmised the disposition of seed cones on 
branching systems, it is now documented by material from 
the Genesee locality, an account of which appears in 
Chandrasekharem (1972). 
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other taxa listed in synonomy with the new diagnosis from 

M. ocetdentalis can be demonstrated as present in recent 
and extant material. These characters include obovate 
teaves (visible in, ocetdentalis, Figs. 42, 44), paucity 
of leaves on short shoots (visible in M. occidentalis, Figs. 
43, 44), and sub-opposite or nearly spiral leaf arrangement 
(Vi Siblesin io lLyuprostrobotdes, Figs: 45, 46, and: ™, 
eeceidentalte,. Fig. 42, apex). 

The material of Metasequota from the Smoky Tower 
locality may be seen to differ from material of similar age 
(Genesee locality) and from the extant species in some 
gross morphological features. These include the relative 
length of leaves subtending deciduous shoot and general L/W 
ratios of leaves on deciduous shoots. Leaves subtending 
branches in the extant species and in the Genesee material 
are typically much longer than leaves on the axillary 
branch (Figs. 40, 48). This difference is much less 
noticeable in the Smoky Tower Metasequota (Fig. 39). The 
leaf L/W ratios of M. occidentalts and M. glyptostrobotides 
(Figs. 37, 38, 40) are also much higher than the Smoky Tower 
material (Fig. 39). These differences may be due to the 
relative immaturity of the Smoky Tower specimens [as 
illustrated by the verv young leaves at the tips of most 
shoote (Fics. 39, 42)1] or to a variation in the phenotype 
expressed in the Smoky Tower population. In either case, 
these variants (which fall intermediate between the old 


M. occidentalis and M. cuneata) fall within the range of the 
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FIGURES 37-40. 


Fig. 37. Specimen S162 - Metasequota ocetdentalts (Newberry) 
Chaney from Genesee, Alberta, showing the opposite 
arrangement of branches and leaves. X1.5 


Fig. 38. Specimen 3525 - paratype of M. occtdentalts from 
the Dugout Gulch, John Day Basin, Oregon; 
deposited in the paleobotanical collection, 
University of California, Berkeley. xX 1.5 


Fig. 39. Specimen S1924B - M. oectdentalis from the Smoky 
Tower locality, Alberta, showing the opposite 
arrangement of leaves and the obovate shape of 
some needles. X 1.3 


Fig. 40. Specimen of extant Metasequota glyptostrobotdes 
showing the opposite nature of the branchlets and 
leaves. X 1 
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FIGURES 41-46. 
Figs. 41-44. Metasequota oectdentalis (Newberry) Chaney 


Fig. 41. Specimen #90 - from the John Day Basin, Oregon; 
a deciduous shoot showing basal scale leaves and 
opposite long leaves; deposited in the Paleo- 
botanical Museum, University of Oregon, Eugene. 
Kee 


Fig. 42. Specimen S1949 - deciduous shoot from the Smoky 
Tower locality, Alberta, showing basal scale 
leaves and opposite pairs of long leaves. X 2 


Fig. 43. Specimen S3402A - deciduous shoot from Genesee, 
Alberta, showing basal scale leaves and opposite 
long leaves. X 2 


Fig. 44. Specimen 2463 - deciduous shoot from the Upper 
Cretaceous of Wyoming. Figured by Dorf (1942, 
Plate 6, Fig. 6) as Sequoia dakotensts Brown; 
opposite to subopposite leaves are visible; 
deposited in the paleobotanical collection, 
University of California, Berkeley. X 2 


Fig. 45. Deciduous twig of extant Metasequota glyptostrob- 
otdes (abaxial surface) showing basal scale leaves 
and subopposite arrangement of long leaves. X 3 


Fig. 46. Adaxial view of Fig. 45 showing the same features. 
E15) 
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FIGURES 47-49. 


ELQ. 


Fig. 


FG .. 


47. 


48. 


49, 


Enlarged view of Fig. 40 (Metasequota glyptostrob- 
otdes) showing the very long leaves subtending the 
opposite branchlets. X 2.8 


Specimen $3151 - branching system of Metasequota 
ocetdentalis from Genesee, Alberta, showing the 
very long leaves subtending the opposite branch- 
DELS tee es 


Metasequota occidentalis from the Smoky Tower 
locality, Alberta, showing the twisting, oblique 
nature of the petiole (B); unnumbered specimen is 
deposited in the private collection of Mr. B. 
Tiemons, Grande Prairie, Alberta. X 5.2 


82 
emended diagnosis and are not considered great enough (in 
light of the variation exhibited by the single extant 
Species) to warrant taxonomic recognition. 

It might be argued from the preceding discussion of 
the genus that the fossil representatives now lumped into 
the single species M. occidentalis show sufficient variation 
among themselves and sufficient similarity to the extant 
species to be taxonomically combined with it. However, the 
arguments presented at the beginning of the systematic 
portion of this thesis for taxonomic separation of fossil 
and living species are applicable here and thus the 


synthesis of the two taxa is not supported. 


Glyptostrobus nordenskioldtt (Heer) Brown 1962 


Glyptostrobus dakotensts Brown. 1936. Journ. Wash. 
Acad. »Sieitisn2 6 (9 )54h355=356 aehigs. 52-4 Loinelud ing 
all synonomies listed). 


Glyptostrobus oregonensts Brown. 1936. Journ. Wash. 
Acad # SCir4 «26 69 )4n£356-35 8apki ond (ime Luding 
all synonomies listed). 


Glyptostrobus dakotensts Brown. Pabst. 1968. U. 
Cal «Pub 1.-Geoha tS Giswe/ G7: 65:05.) = eP hasteydli2y, 
PL SGpeal— 3 « 


JUNeperus Waentngronenets Pabst. 1968. Ul. Cal’. Publ. 
Geol aeSCi ablOne be iblates LOWS) ,/ 685s, Plate 
Rates ol Re fps at ee Shee ee 


Glyptostrobus oregonensts Brown. Becker. 1969. 
Palaeontographica:., Abt.«)B 1 ¢Bd).) 1:27 mPirateil , 
Bigs 62 eZ! « 


Description - By far the most abundant plant megafossils 


(excluding Equisetum) found at the Smoky Tower locality are 
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those now assigned to the genus Glyptostrobus. While the 
list of specimens studied indicates a total of 437 for this 
taxon, it would have been possible to raise that number to 
over 1000 if all specimens found at the locality had been 
numbered and added to the collection. 

The Smoky Tower material contains specimens of all 
three foliar types listed by Brown (1936) - cupressoid, 
cryptomeroid, and taxodioid.’ In addition to specimens 
showing various combinations of these leaf types, seed 
cones, cone scales, and possible pollen cones were collected. 

The commonest foliage type is one exhibiting a leaf 
morphology which might be termed crypto-cupressoid, being 
intermediate in both size and shape (Figs. 50, 55, Text- 
Fig. 4). These are usually found as branching systems 
rather than individual deciduous branchlets (Fig. 50). 

Their leaves generally exhibit a spiral phyllotaxy, but some- 
times they are preserved in a manner which gives the 
appearance of having a definite two-ranked arrangement 

(Fig. oo). 

Other specimens that show a definite taxodioid leaf 
type were also found (Figs. 82, 85), as were many showing 


Cheatransitional characteristics: (hlgs. 5/7 59). 


1 Examination of the Smoky Tower locality material shows 
that much of the foliage, rather than fitting into one of 
these three standard categories, is intermediate. There- 
fore, the terms crypto-taxodioid and crypto-cupressoid 
will be used in this thesis to describe specimens of 
intermediate morphology. Examples of all five types are 
shown in Text-Fig. 4. 
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The base of branchlets exhibiting taxodioid or crypto- 
taxodioid foliage often has scale leaves, arranged spirally. 
These spirals vary in tightness from extremely loose to very 
compact and appear bulbous (Figs. 57, 59). 

Two hundred leaves of the crypto-cupressoid variety 
were measured, and it was found that the width measured at 
the widest point varied from 1.0 - 2.5 mm with the mean 
being 1.8 mm. The length varies from 3.0 - 7.0 mm with the 
average being 5.4 mm. The average L/W ratio proved to be 
3.2:1. Of the 200 leaves examined, 158 proved to be widest 
at the middle, while 32 would be classed as obovate, with 
their greatest width near the apex. One hundred and forty- 
five of the 200 leaves show a tendency for the leaf tip to 
recurve toward the axis (Fig. 50, Letter R) . This feature, 
however, could be the result of preservation, and of little 
diagnostic value. 

One hundred leaves of the crypto-taxodioid variety 
were examined and similar observations made. The maximum 
width varies from 1.8 - 3.0 mm with the mean being 2.2 mn. 
The length varies from 8.0 - 19.0 mm with the mean being 
U364ummionThe mean L/W ratio was found to be 6.5:1. 
Seventy-eight leaves were observed to be relatively uniform 
in width (excluding the tapering apex), allowing them to be 
termed linear (or lanceolate), while 18 show a definite 
widening toward the base and are ovate. The 100 crypto- 
taxodioid leaves diverge from the axes at angles ranging 


from 90 degrees to 18 degrees, with the mean being 37 
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degrees. No pronounced degree of leaf-tip recurvation was 
observed in this leaf type. However, of the 82% of the 
leaves examined which show good preservation of the leaf 
tip, almost half show what could be interpreted as a mucron- 
ate tip (Fig. 65, letter M). 

Difficulty was encountered in making quantitative 
observations on the scale leaves at the base of individual 
branchlets due in part to preservation and in part to their 
degree of compaction. It may be noted, however, that when 
found in a loose spiral they are similar in size and shape 
to the crypto-cupressoid variety discussed earlier. If 
there is any significance to be noted, it would be that 
the scale leaves nearest the base are shorter and display 
a lower L/W ratio. The additional observation may be made 
that on-aigiven shoot (Figs. 57, 59) it is possible to 
observe a transition from scale leaves through crypto- 
cupressoid leaves to crypto-taxodioid leaves in a more 
acropetal position on the main axis. This observation, 
which helps to explain this author's use of combinations of 
Brown's leaf types, will be expanded upon in the following 
discussion. 

While reproductive material was relatively scarce at 
the Smoky Tower locality, 8 specimens representing Glypto- 
strobus seed cones were recovered. These ranged from very 
immature (Fig. 76) to mature, fully opened cones (Fig. 72). 
All show thick, woody, imbricated cone scales with recurved, 


spine-like bract tips which typify the seed cones of the 
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genus. Where attachment is observed, it can be seen that 
the cones were borne terminally on branches bearing cupress- 
oid or crypto-cupressoid leaves (Figs. 67, 72, 74). All 
cones collected were borne singly, with one exception where 
two cones were found on a single branching system (Fig. 73). 
Even in this case, however, each cone had a separate, leafy 
stad ke 

Five specimens were collected showing detached seed 
cone scales which are tentatively assigned here to Glypto- 
strobus. These are roughly triangular in shape with an 
acute base and an apex showing 3-7 shallow, narrow lobes. 

In appearance they are similar to cone scales of the extant 
species, G. penstlis Koch. The size and shape of the fossil 
cone scales are comparable with scales still attached to 
mature cones (Fig. 71). 

Six specimens were collected which showed numerous 
cupressoid leaf-bearing shoots with bulbous apices (Fig. 75) 
that may represent pollen cones. Dallimore and Jackson 
(1966) state that the pollen cones of Glyptostrobus are 
similar to those of Taxodium. The pollen cones of extant 
Taxodium do not, however, bear a strong resemblance to the 


fossil material described here, due to the compound nature 


of Taxodium's cone-bearing axes. However, examination of 
pollen cones from herbarium material of Glyptostrobus 
pensitis (Fig. 77) and also that figured by other workers 
for both G. pensilis and G. oregonensis Brown (Becker, 1969, 


Plate 7, Figs. 21-28) indicates that Glyptostrobus has pollen 
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cones more similar to Sequota where cones are borne singly 
on the tips of axes having cupressoid leaves (Fig. 79). 

This being the case, the Smoky Tower material could well 
represent pollen cone fragments of Glyptostrobus, as may be 
seen by comparing Figs. 75 and 77. However, as no pollen 
was found in association with these fossil structures, it is 
possible that the material represents foliar buds of crypto- 
cupressoid branches similar to those seen in Fig. 50, 


letter B. 


Discussion - At the present time two distinct species are 
recognized for Glyptostrobus compression remains in North 
America. These are G. nordensktoldit (Heer) Brown and 

G. oregonensts Brown. The former extends from the Upper 
Cretaceous through the Eocene and the latter is a Miocene 
species. A European species, G. europaeus (Brongn.) Heer is 
widely recognized from Miocene deposits and is considered 

to differ significantly from the American counterparts 
(Brown, 1936, 1962). All of these are very similar to the 
extant species, G. penstlts Koch. 

In no instance known to this author do the two North 
American species over-lap stratigraphically. Thus all three 
species are well separated either geographically or strati- 
graphically, and no immediate problems arise from keeping 
them as distinct nomenclatorial entities. However, a close 
examination of the two North American species, G. nordenskt- 
oldit and G. oregonensts shows that the similarities far out- 


weigh the differences. Furthermore, the geologically older 
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species, G. nordensktioldit, bears at least as much similar- 
ity to the extant species, G. pensilis, if not more, than 
does G. oregonensis. Because of the morphological 
Similarities between G. nordenskioldtt and G. oregonensts, 
which will be discussed in detail in the following pages, it 
is proposed to combine the two species. 

Although G. oregonensts was described in 1936, and G. 
nordensktoldtt was described in 1963, G. nordensktoldit was 
a new combination based on Sequota nordenskioldti Heer 1871 
and thus this name has priority. G. nordensktioldit (Heer) 
Brown is, therefore, kept as the name for all North American 
Tertiary compression fossils previously described, and 
G. oregonensts Brown is placed in synonomy. 

The Smoky Tower material assignable to G. nordensktioldtt 
provides strong evidence for this combination of all North 
American glyptostroboid fossil material. Comparison of 
crypto-taxodioid foliage from the Smoky Tower locality (Fig. 
52) with that from the type locality of G. oregonensis (Fig. 
53) shows that there are striking similarities in leaf 
shape, size, and angle of attachment. Similar comparisons 
based upon crypto-cupressoid foliage from the same localit- 
ies (Figs. 55, 56) lead to the same conclusion. None of the 
seed cones found at the Smoky Tower locality were at the 
same developmental stage as those studied from the Miocene 
of Oregon, and thus direct comparison was impossible. 
Indirect comparison or comparison of cones at different 


stages of development did yield some positive conclusions. 


.) Bas ,O£01 ai bedizoesb asw atsaaroge a 19 dpsoddlA ~~~ 
esw tiblottershion .2 ,€90L nk badbaoesb esw stbSobtensbron ve 
IV8{ tesH trhiotAanabion ntouns? co beesd noitsntdmos wea s 


(198H) Wf ottanebacn . .Ytiroitq esd omen eids suds ns 


610 ' 

neotioméA dtr0ul ifs to? emsn oft a5 sae etotezert4 et awoxe 
ae | 
bas ,bedixsaeb yfevotvexq eliee2o? soteae2zqmoo vsaleaee 

*) \orwy 


-Yronomye ak beoslq ak nwoxd etensnogets 2 


trbiostensbascn .9 ag sidsapiees =e xewoT saan oat 


fstov ifs to notjsenidmoo aids z0% eae re prose eobivorg 
to noeixsqmoD .istisismh f[ieeot? biodoxsaosqylp neo bien 


-piT) ydilscol tg9wo? ytome onze mort spsifo? biotboxes-oagyss 
a a7 
-Pp£4) sranesogsto .0 to ytilsool eqys eds moxt tad3 asiw bg 


teel ni estiiuslimie pniditse o1s sxedd seat ewore (ee - 


| 


afioetisqmos xwslimie .tneminstis to sipnas bas sssie onde 
-tifsool omse sit moz? epstiot bioseserquo-osqy12 coqu boesd 
sit to sn0v§ .noteulonop emse off of bsol (az ,2e -2pi) ‘est | 
ofit 38 etew Ysilsool rewoT yaome odd 3s Bavot ma ; 
ens00iM sii mox? botbuse seodt es opsta {ednemgoteveb ¢ 


, aldiaeogmt ew fis team goer aud bas 209030 20. 
e ue eer 2 pre) 


toast ib 7 ones io now lxeqmoo ‘20. peateeties tone 


bie” paaessy ovivisor anos blsty bib ¢emgols 


7 ein ig > ary yy, eh eee or ‘ 
‘\j 7 : 


aor de RE Ds 


90 


A cone from the extant species, Glyptostrobus pensilis (Fig. 
71), was compared to one at a similar stage of development 
from the Smoky Tower locality (Fig. 72) and found to be 
extremely similar in scale size, shape, and mode of attach- 
ment. Also, a younger cone of G. pensilis (Fig. 69) was 
compared with the material of G. oregonensts (Figs. 66, 68, 
70) and found 0 agree in basici icharacterni stics... These 
similarities suggest that the seed cones of G. nordenskioldtt 
and G. oregonensits are very similar. 

Further comparison of the Smoky Tower material to that 
of the extant species, G. penstlts shows many other similar- 
ities. Shoots with cupressoid leaves were found in both 
groups to produce shoots bearing crypto-taxodioid foliage with 
no leaves of intermediate types (Figs. 50, 51). Likewise, 
the variability in the number and phyllotaxy of the scale 
leaves at the base of crypto-taxodioid deciduous shoots 
mentioned earlier for the Smoky Tower material was also 
found: .to be present “in the *extantn¢. hpenaulie (Figs. (62, 63). 
Similarly, the size, shape, and decurrent base of the 
crypto-taxodioid foliage was found comparable (Figs. 61, 64, 
65). Even the mucronate needle tips on the shoots of Smoky 
Tower material were found present in roughly the same 
percentage in herbarium material. The above observations 
support the obvious conclusion that G. pensilits and the 
Smoky Tower Glyptostrobus are very closely related. 

Material described from other localities as Glypto- 


strobus nordensktoldit is also comparable to the Smoky Tower 
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specimens. Chandrasekharam (1972) described eight specimens 
from the Genesee locality which he tentatively placed in the 
species. No reproductive structures were found associated 
with this material, however, and some hesitancy was express- 
ed in identifying the specimens as Glyptostrobus. Compari- 
son of one of the Genesee specimens (Fig. 54) with those of 
Glyptostrobus from other localities (Figs. 52, 53) shows 

a definite similarity in leaf size and shape, and in general 
shoot appearance. In addition, collectively the Genesee 
material exhibits all of the leaf types shown to be found in 
Glyptostrobus (Text-Fig. 4), leaving little doubt as to the 
validity of the identification by Chandrasekharam. 

Material studied by Pabst (1968) from the Chuckanut 
Formation of northwestern Washington was also eatined 
Within this flora Pabst identified specimens belonging to 
the genera Taxodium, Glyptostrobus (G. dakotensts Brown), 
and Juntperus. Based on the specimens figured in the 1968 
paper and those additional specimens housed in the paleo- 
botanical collection, University of California, Berkeley, 
from the same collection, it is the opinion of this author 
that only specimens of the genus Glyptostrobus demonstrate 
suitable characteristics for confident identification. The 
material identified as G. dakotensts by Pabst compares 
favorably to the Smoky Tower material, and is thus consider- 
ed a synonym of G. nordenskioldit. The most prevalent 
foliar types are cupressoid and crypto-cupressoid (Figs. G0, 


60a). The presence of a cone scale (Fig. 60) is the main 
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basis for Pabst's identification (Pabst, 1968, p. 50). 
Interestingly enough, a far more convincing specimen in the 
Berkeley collection originated from the same LocabitynlEig. 
78). It shows several attached cones with definite glypto— 
stroboid affinities, and makes a much stronger case for the 
identification. 

In the same paper Pabst describes a new species of 
conifer, Juniperus washingtonensis. The description is 
based on both foliage and seeds supposedly assignable to 
Juntperus. However, the specimen figured as the holotype 
(Pabst, 1968, Plate 11, Fig. 4) and other figured specimens 
belonging to this taxon (Pabst, 1968, Plate ll, Bigs. tip 3); 
and which supposedly show seeds, illustrate no positive 
attachment between the vegetative and reproductive parts. 
Mone tmupentanty themstoliage jin ithese specimens ismidentteal 
with that identified:as Glyptostrobus dakotensts and shown 
with an accompanying glyptostroboid cone scale (Fig. 60). 

In addition, Pabst states’ in the text (pa 50) kthat athe 

plant [Glyptostrobus] is deciduous, with slender twigs 

1 Pabst's 1968 paper was published posthumously and represents 
work done by her for her doctoral dissertation prior to her 
death in 1963. The paper was compiled by Drs. R.W. Chaney 
and W.L. Fry and Mr. H. Schorn of the University of Calif- 
ornia, Berkeley. In personal communications with the lat- 
ter two workers it was found that some of the original 
specimens described in the thesis could not be located at 
the time that the paper was published, and thus some of 
the original author's statements had to be accepted with- 
out documentation. Any observations and conclusions in 
this thesis that are at variance with Pabst's 1968 paper 
are probably the result of difficulties encountered by the 


compilators in interpreting and documenting the original 
work. 
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bearing two types of leaves; one short and oppressed, 
Similar ttomduntperusesioliage..... " This statement is taken 
as an acknowledgement of the Similarity of the two genera. 
Because of the difficulties stated in the footnote on the 
preceding page, it is impossible to say that Juniperus was 
not a member of the Chuckanut flora. However, the specimens 
observed by this author and figured by Pabst (1968) do not 
justify Stad@uent in that genus and are herein synonomized 
with Glyptostrobus nordenskioldtt. 

Pabst also notes the presence of Taxodtum in the Chuck- 
anut flora. In the text she mentions numerous cones and 
twigs of this genus as being the dominant members of the 
flora at one of the localities. The figured specimens show 
only three deciduous shoots bearing taxodioid foliage (Fig. 
60a, ‘taken’ from Pabst, 1968, Plate 9, Fig. 3). \ In ‘ithe text 
(p.-49), Pabst cites Chaney's (1951) Figs. 1-2 of Plates 
9, 10 as evidence for Taxodium in the Chuckanut Formation. 
Here again, however, the figures referred to show only 
vegetative shoots with taxodioid foliage. On this minimal 
evidence it seems unwise to accept Taxodium as a valid 
member of this flora, particularly since another genus 
possessing taxodioid foliage, Glyptostrobus, has been well 


documented as being present. 


Conclusions - Perhaps the most abundant remains at the Smoky 
Tower locality have proven to be Glyptostrobus nordenskioldtt 
(Heer) Brown. Identification is based on the presence of 


all major forms of glyptostroboid leaves, seed cones at 
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various stages of maturity, cone scales, and the presence of 
possible pollen cones. 

A comparison of the Smoky Tower material with other 
specimens of G. nordenskioldit, the Miocene species, G. 
oregonensis, and herbarium and fresh material of the extant 
species G. pensilts shows very close similarities among all 
of them. These characteristics have led this author to the 
conclusion that all the fossil material should be included 
within one species. On the basis of priority, the valid 
species is then G. nordenskioldti, and G. oregonensis is 
placed in synonomy. 

The author's study of other material already cited 
with similar morphological characteristics from the Chuck- 
anut Formation of Washington (Figs. 60, 60a, 78) has led 
to the conclusion that much of this material placed by 
Pabst in the species Glyptostrobus dakotensts and 
Juntperus washingtonensts, should also be placed in synonomy 


with Glyptostrobus nordensktoldtt. 


Relations within the Taxodiaceae - In 1951 Professor Chaney 
published an excellent historical account of some genera of 
the Taxodiaceae in North America. In addition to the 
historical review, he made sweeping taxonomic changes to 
incorporate the recently discovered genus Metasequota into 
the literature. But most important he devised a system for 
separating the fossil Taxodium, Sequota and Metasequota of 
North America. Unfortunately this latter system, which has 


proven excellent for many specimens and many floras, has 
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FIGURES 50-56. 
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Specimen P67.1.83B - Glyptostrobuse nordensktoldtt 
from the tuff horizon showing the production of a 
shoot bearing crypto-taxodioid foliage from a bud 
(letter B) of a branch bearing crypto-cupressoid 
foliage; letter R indicates a recurved leaf apex 
typical of the Smoky Tower material; deposited in 
the Alberta Provincial Museum and Archives 
collection, Edmonton. X 2.6 


Specimen of extant Glyptostrobus penstlits showing 
the same features shown by G. nordensktioldit in 
Fig. 50; letteres indicatesss buds.) 


52-56. Glyptostrobus nordensktioldit (Heer) Brown 
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Specimen S2876B - crypto-taxodioid foliage from 


the tuff horizon; many leaves also display mucronate 


ELps) ew. o 


Specimen 2885 - crypto-taxodioid foliage (formerly 
G. oregonensts) from the Miocene of Oregon; 
deposited in the paleobotanical collection, 
University of California, Berkeley. xX 1.6 


Specimen $3152 - a shoot from the Genesee locality 
showing crypto-taxodioid foliage. X 1.3 


Specimen P66.8.37A - crypto-cupressoid foliage 
from the tuff horizon preserved in such a manner 
as to give the appearance of opposite leaves; 
deposited in the Alberta Provincial Museum and 
Archives collection, Edmonton. xX 2.5 


Specimen 2885 - crypto-cupressoid foliage (former- 
ly G. oregonensts) from the Miocene of Oregon; 
deposited in the paleobotanical collection, 
University of California, Berkeley. xX 2.1 
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FIGURES 57-60a. 
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60a. 


Specimen S2771 - a shoot of Glyptostrobus norden- 
skioldti with numerous branchlets showing a 
progression from cupressoid leaves at the base of 
each branchlet through crypto-taxodioid foliage 
near their apices. X 1.2 


Specimen of extant Glyptostrobus penstlis showing 
branches bearing primarily taxodioid leaves; from 
herbarium sheet #232838, University of California, 
Berkeley. X .8 


Specimen S2932A - shoot of Glyptostrobus norden- 
sktoldit from the tuff horizon showing the 
progression from cupressoid basal foliage to 
apical crypto-taxodioid foliage on each branchlet. 
» ANets) 


Specimen 10543 - Glyptostrobus nordensktoldit from 
the Chuckanut Formation, Washington, showing a twig 
and a seed cone scale; deposited in the paleo- 
botanical’ collection, Universitysos) Caliurormniay 
Berkeley. xX 4 


Specimen 10541 - a taxodioid branchlet from the 
Chuckanut Formation, Washington; deposited in the 
paleobotanical collection, University of 
California, Berkeley. xX 3 
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FIGURES 61-65. 
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Specimen of extant Glyptostrobus penstlis showing 
branches with crypto-taxodioid leaves and without 
basal cupressoid leaves; from herbarium sheet 
#232838 deposited at the University of California, 
Berkeley. X 1.4 


Specimen of extant G. penstlits showing the 
variation in compaction of cupressoid (scale) 
leaves at the base of branches; from herbarium 
sheet #258434 deposited at the University of 
California, Berkeley. X 3 


Enlarged view of the base of a branch of Glypto- 
strobus penstlis showing several tiers of cupress- 
oid leaves; from herbarium sheet #258434 deposited 
at the University of California, Berkeley. X 9 


Enlarged view of Fig. 62 showing closely packed 
basal cupressoid leaves and the pronounced mucron- 
ate tip (letter M) typical of many crypto-taxod- 
ioid leaves. X 3 


Specimen S1857 - crypto-taxodioid foliage of G. 
nordenskioldtt showing the typical mucronate 
leabetip ee (Lettens] ex 65 
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FIGURES 66-70. 
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Fig. 


66-70. Glyptostrobus seed cones. 


66. 


Os 


Specimen 2881 - G. nordensktoldit (formerly G. 
oregonensts) from the Miocene of Oregon; shows 
mature seed cones on branches possessing crypto- 
cupressoid foliage; deposited in the paleobotani- 
cal collection, \Univercity O1 Calitornia, 
Berkeley. X 1.25 


Specimen P67.1.114 - fairly mature seed cone of 

G. nordensktoldit from the tuff horizon, Smoky 
Tower locality, showing cupressoid and crypto- 
cupressoid foliage on adjacent branches; deposited 
in the Alberta Provincial Museum and Archives 
collection, Edmonton. <X 1.3 


Specimen 2886 - G. nordensktoldit (formerly G. 
oregonensts) from the Miocene of Oregon; 
deposited in the paleobotanical collection, 
University of California, Berkeley. xX 1.5 


Seed cone of extant G. penstlis showing cupressoid 
and cryptomeroid foliage on adjacent branches; 
from herbarium sheet #363140 deposited at the 
University of California, Berkeley. X 1.5 


Specimen 2887 - G. nordenskioldit (formerly G. 
oregonensts) from the Miocene of Oregon, showing 
the typical imbricate cone scales and spinose 
bract tips; deposited in the paleobotanical 
collection, University of California, Berkeley. 
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FIGURES 71-74. 
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74. 


Seed cone of extant Glyptostrobus penstlts from 
herbarium sheet #363140, University of California, 
Berkeley; shows the thick, imbricate cone scales 
of a mature cone and the cupressoid leaves of 

the cone stalk. xX 3 


Specimen S2773 - mature seed cone of Glyptostrobus 
nordensktoldtt (Heer) Brown from the Smoky Tower 

locality showing the thick, imbricate cone scales 
and the cupressoid leaves of the cone stalk. X 3 


Specimen P66.8.55 - two mature seed cones of G. 
nordensktoldit borne on individual scaly stalks, 
but part of the same branching system; deposited 
in the Alberta Provincial Museum and Archives 
COLLECCLON  SEGmMOoOnton ns) Ao 


Specimen P67.1.114 - enlarged view of Fig. 67 
showing attachment of the seed cone to a branch- 
ing svstem bearing crypto-cupressoid leaves; 
deposited in the Alberta Provincial Museum and 
Archives collection, Edmonton. xX 3.1 
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EIGURES io 7/9. 
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Specimen P66.8.33C - Glyptostrobue shoots from 
the tuff horizon showing bulbous apices which 
may be pollen cones; deposited in the Alberta 
Provincial Museum and Archives collection, 
EQMONLON.. = Xqeea 


Specimen S1620 - a twig of Glyptostrobus from the 
tuff horizon showing a probable young seed cone. 
> ae Se 


Twigs of extant Glyptostrobus pensilis showing 
pollen cones at the ends of branches having 
cupressoid leaves; from herbarium sheet #243828, 
University of California, Berkeley. X 2.3 


Specimen of Glyptostrobus nordensktoldtt from the 
Chuckanut Formation, Washington, showing attached 
seed cones; unnumbered specimen deposited in the 
paleobotanical collection, University of 
California, Berkeley. xX 3 


Specimen 3547 - Sequota affints Lesquereux from 
Florissant, Colorado, showing pollen cones; 
deposited in the paleobotanical collection, 
University of California, Berkeley. X 2 
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associated with it certain assumptions and omissions which 


render its usefulness questionable when dealing with many 


fossils. 


Perhaps the most obvious omission of the identification 
system devised in Chaney's 1951 paper is the exclusion of 
the, genusi,.¢lyptostrobus.a Ttedas to, Chaneys creditethat 
he recognized the genus as being present in the floras under 
consideration, as is obvious from the following statement 


(OTE Cas we Lo Dil pede el Jo) a 


"The genus Glyptostrobus will be omitted from this 
discussion, largely because the material represent- 
ing this genus may be more readily recognized, and 
has not been so generally confused. Brown has 
pointed out the distinguishing characters of 
Glyptostrobus, and has made a satisfactory revision 
a ae American fossil species assigned to this genus 

1936) 


Unfortunately, Brown (1936) does not make as clear a case 
for the uniqueness of Glyptostrobus as might be gathered 
from Chaney's remark. On pages 354-355 Brown states: 


"Although the living species, Glyptostrobus 
penstlis, can now be distinguished readily from 
species of Taxodtum and other coniferous genera, 
the detection and separation of the fossil 
representatives of Glyptostrobus is fraught with 
considerable uncertainty. This is particularly 
true when foliage only is available. In the 
living species this may be of three kinds - 
cupressoid, taxodioid, and cryptomeroid, in 
allusion to the typical foliage, respectively, 
of. Cupressus, Taxodium,.andsCryptomerta.\eA given 
fossil shoot or twig with this range might there- 
fore merit any one of four interpretations, let 
alone being confused with other genera, such as 
Sequota, Cunninghamia, Torreya, Juntperus, Tsuga, 
etc. Because of the uncertainty concerning the 
identity of such twigs as are ordinarily preserved 
in shale and sandstone, those recorded fossil 
species of Glyptostrobus based upon foliage alone 
will not be discussed here but will be regarded as 
doubtful ,identifications.” 
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Chaney has summarized the distinguishing characters for the 
three genera in tabular form on page 180 of his 1951 paper. 
Three of the five characters listed for their separation 
are foliar. Based on the above quotation from Brown (1936) 
these three characteristics are not valid unless Glypto- 
strobus also is considered. For the purpose of comparison, 
Chaney's table, with an additional column for Glyptostrobus 
has been reproduced for this thesis (Text-Fig. 5). In the 
following paragraphs each of the five characters will be 
reexamined in the light of the Smoky Tower material and 
further studies made by this author and others subsequent 


to Chaney's work. 


1. Long shoots - it may be seen that even with the inclusion 
of Glyptostrobus, the only genus showing any difference in 
this category is Metasequota. However, based upon examin- 
ation of shoots from the extant species, M. glyptostroboides, 
some specimens of M. occetdentalts (discussed earlier in this 
chapter), and material shown by Beck (1969, Fig. 18), it 
may be noted that oecasionally Metasequoia also displays 
some degree of spiral phyllotaxy and alternate shoot 
production near the apex of an axis. It should also be 
mentioned here that Chaney specifically entitled his table 
"Distinguishing Characters of Fosstl Specimens". However, 
if we are to accept these fossils as members of extant 
genera (which indeed has been done for all genera included 
in the table excepting Metasequoia), then we must assume 


that the initial assignment to this genus was based on 
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comparison with the extant species. Therefore, characteristics 
of the extant species relevant to the categories of the 
table must also be considered here, as they represent forms 
which we might expect to occur in the fossil record. 
Objection to the terms "long shoot" and "short shoot" have 
already been raised earlier in the chapter based upon living 
material. They are used here in conjunction with the 


fossils only to allow Chaney's table to be reproduced and 


studied in the terms he used. 


2. Short shoots - Under this category Chaney lists five 
characteristics. The first of these, stem thickness, is a 
relative measure, and, because of variable thicknesses 
observed in Glyptostrobus axes, it is of questionable value. 
The second characteristic, phyllotaxy, has as questionable 
a value as it did for the long shoots, since Metasequota 
will on occasion appear sub-opposite or spiral (particular- 
ly near the apex), and Taxoditum will often appear sub- 
opposite, and not spiraled (Figs. 80, 83). The third 
characteristic, leaf disposition, is really directly 
connected to the second characteristic, and subject to the 
same variability. The fourth characteristic, leaf type and 
shape, is one which is unfortunately not nearly as clear- 
cut as the table would have the reader believe. To begin 
with, Metasequoia is not monomorphic, but dimorphic, having 
definite clusters of scale leaves at the base of deciduous 
shoots. Scale leaves were not really considered in any of 


the columns on Chaney's table. Therefore, to be accurate, 
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the number of leaf types for each genus in Chaney's chart 
must be increased by one. Glyptostrobus, as has been 
discussed and as is shown in Text-Fig. 4, has leaves which 
may be termed polymorphic. Strictly speaking, Metasequoia 
is the only genus which is strictly dimorphic and not 
polymorphic in that the other genera all produce leaves of 
intermediate types. 

The final characteristic, persistence of the shoot, is 
not a good taxonomic character because it is, to a large 
degree, a function of the environment. In addition, 
Sequota, listed by Chaney as having persistent shoots, 
(195i pe £78) ,*™in the=case of the®living ’ss°senpertdzrenc, 
-.-.-.-Sshort shoots may remain on the tree for three or four 
years;" does occasionally become deciduous. Chaney's 


uncertainty is amplified by the opening phrase of the same 


paragraph just quoted - "The deciduous foliar units of all 
three genera..... "Thus this character is not one readily 
usable. 

3. Leaves - For this category Chaney lists seven criteria. 


Thestirst 1S not ae distinguishing, character jas tue 
original table title would suggest, in that all genera are 
described in the same term, acicular. The second character- 
istic, presence or absence of a petiole, is basically 
correct as described by Chaney, with the added Glyptostro- 
bus not usually narrowing at the base and not possessing a 
petiole. As is shown by the specimens in Figs. 52, 64, 


however, this character is definitely variable, and 
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definitely dependent on preservation. Thus the character 
is good only after averaging large numbers of specimens. 

The third characteristic, possession of a mucronate 
tip, may be treated in the same fashion as the first 
characteristic. That is to say, as Arnold and Lowthar 
(1955) have pointed out that Taxodtum may possess a mucron- 
ate tip, and as Glyptostrobus may also (Fig. 64M), the 
character is uniform in all genera and not useful for 
differentiation. 

The fourth character, angle of leaf divergence, has 
been thoroughly discussed for both Metasequota and Glypto- 
S_roluscecarlieresin the,text., in this,discussion,itgis 
shown that in both instances the angle is much more variable 
than the chart would indicate. Characters five and six, 
midrib appearance and basal dark spot, respectively, are 
highly dependent on preservation. The former is too 
subjective to be useful, and the latter is valuable only as 
an infrequently occurring supporting character. When a 
dark spot is present, it adds weight to placement of the 
specimen in Metasequota, but its absence (as is the common 
condition in all four genera) has no meaning as far as 
identification is concerned. 

The final characteristic, mode of leaf attachment, is 
considered by Chaney, and by some later workers (Chandrasek- 
haram, 1972) to be very important. FExamination of numerous 
fossil and extant specimens has led this author to the 


conclusion that the character's main importance is that it 
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aids in elimination of one or two genera but it is not a 
character that allows positive identification. For example, 
it can be stated that a leaf obliquely attached to the stem 
and to some degree obliquely trending down the stem will 
not be the leaf of Taxodium or Glyptostrobus. By the same 
token, a leaf squarely joined and trending parallel to the 
stem will not be the leaf of Metasequota. One might expect 
that a squarely joined, parallel base would also make 
placement in Sequoia unlikely. However, observation of 
herbarium material has shown that even the slight compress- 
ion received in a plant press oftentimes "untwists" the 
leaf base, leaving it similar in appearance to Taxodtum and 
Glyptostrobus. As this is the case in slightly pressed 
specimens, it is impossible to judge the potential effect 
of the compression undergone in the formation of most 
fossils. As is stated earlier in the chapter in a quotation 
from Brown (1936), it is virtually impossible to distinguish 
the foliage of Taxodtum and the taxodioid foliage of Glypto- 
strobus. This author has looked at over 1000 specimens of 
these two genera, and his observations support those of 


Brown. 


4. "Pistillate" (seed) cones - The characteristics listec 
for this category are basically correct, and may be used 
accordingly. However, several areas of caution must be 
observed. Glyptostrobus cones differ from all others in 
that they have non-peltate, imbricate cone scales. However, 


a Glyptostrobus cone by itself, or on its scaled stalk, may 
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be easily confused with a cone of Cryptomeria, which is 
almost identical. Similarly, when attached, cones of Meta- 
sequota may be easily identified by their long, naked 
stalks. When detached from their stalks, however, the only 
major characteristic separating them from those of Sequota 
is the decussate rather than spiral arrangement of cone 
scales, This can»ber avery difficult’ feature to assess, 
particularly in light of the genus Parataxodium Arnold and 
Lowthar (1955), which exhibits a cone scale attachment that 
is morphologically intermediate. In addition, in spite of 
the fact that Chaney stated that no attachment for Taxodium 
cones has been noted in the fossil record, the footnote to 
his table, mentioning that the extant species have cones 
borne on stalks similar to Sequota, should alert the 
experienced observer that a single cone attached to a short 
stalk collected at a new locality could well be Taxodtum, 
and not necessarily Sequota. The persistence of the scales, 
as with the short shoots, is not a good taxonomic 


character. 


5. "Staminate" (pollen) cones - The chief value of this 
category, as was the case with mode of leaf attachment, is 
to separate the four genera into groups. Sequota and 
Glyptostrobus may be separated readily from the other two 
genera but are practically indistinguishable from each 
other (Figs. 77, 79). In the same way, Metasequota and 


Taxodtum are similar, separable only by the decussate or 
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spiral nature of specialized shoots. Even their separation 
is made less significant by the presence of Parataxodium in 
the fossil record. 

Having thus questioned the validity of many of the 
distinguishing characters used by Chaney and questioned the 
stability of others, it is necessary to consider the posi- 
tive aspects of distinguishing between the four genera 
listed in the table (Text-Fig. 5). There are two important 
premises which must be mentioned before any specific 
details are considered. These are (1) that positive ident- 
ification can be made only where a statistically significant 
number of specimens is available except where exceptional 
preservation is encountered, and (2) that identifications 
must be based on agreement of an aggregate of character- 
istics, and not on one single characteristic. An addition- 
al consideration which cannot be emphasized too often is 
that we are dealing with a group of plants which span 60 
million years of time. In a family such as the Taxodeaceae, 
whose extant genera and species overlap in many character- 
istics, it must be expected that during these 60 million 
years, evolution has produced many different combinations 
of these overlapping characteristics. Therefore, there is 
no one criterion or set of criteria that can be applied for 
identification of a given fossil or a group of fossils. 

In the following paragraphs a genus by genus summary is 
presented, listing the more constant characteristics which 


may be used in identification. It is in no way a key that 
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can be applied for the separation of the genera per se and 
is better interpreted as a set of guidelines to be used in 
association with comparative herbarium material and other, 


satisfactorily identified fossil specimens. 


1. Metasequota - Branches are usually borne in opposite 
pairs, subtended by a pair of opposite leaves. The leaves 
are regularly dimorphic, consisting of acicular, mucronate 
leaves Aaa ae of the axis and clusters of scale leaves 
at the base of deciduous shoots. The leaves are usually 
borne in a decussate arrangement, often appearing sub- 
opposite. The leaf bases are attached obliquely and 

trend obliquely down the stem. Seed cones are borne on 
long naked stalks with peltate cone scales. Pollen cones 


are borne on specialized shoots. 


2. Sequota - Branches are borne alternately. The leaves 
are mucronate, ranging from flattened acicular (as in 
Metasequota) to scale-like, with various intermediate 

forms being common. The leaves are borne spirally, with a 
subopposite appearance common. The leaf bases are attached 
obliquely in most cases, with a tendency to trend obliquely 
down the stem. Preservation may give the impression of 
squarely joined bases trending down the stem in a near 
parallel fashion. Seed cones are borne on scaly axes with 
peltate cone scales. Pollen cones are borne terminally on 


unspecialized axes. 
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3. Taxodium - Branches are borne alternately. The leaves 
are mucronate, ranging from flattened acicular to scale-like 
as in Sequota. They are borne spirally but often appear 
sub-opposite. Leaf bases are attached squarely and trend 
down the stem parallel to the axis. Seed cones usually are 
unattached, but when attached they are similar to Sequoia. 


Pollen cones are borne on specialized axes. 


4. Glyptostrobus - Branches are borne alternately with a 
possible sub-opposite appearance. The leaves are mucronate, 
polymorphic, with crypto-taxodioid and crypto-cupressoid 
types most commonly occurring (Text-Fig. 5). Leaf bases 
are attached squarely, trending downward parallel to the 
axis of the stem. Seed cones are borne terminally on short, 
scaly stalks. Cone scales are non-peltate, imbricate, 

with spinose projections from the scale bracts. Pollen 


cones are borne on unspecialized shoots as in Sequota. 


The above criteria, when used in conjunction with 
comparative fossil and extant material, are useful only on 
large, moderately or better preserved suites of fossils. 
Unfortunately, a genus of taxodiaceous plants will often 
be represented by only a few specimens in a given flora. 
Tesisethe opinion of this, author, sas substantiated by ethe 
preceding pages, that such material cannot be accurately 
identified at the generic level except in extremely rare 
cases of ideal preservation. This situation should cause 


no problems if its ramifications are realized by all workers 
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in the field, and such material consequently identified as 
Incertae sedis. Unfortunately this is not the case, as is 
witnessed by the many tentative identifications based on 
fragmentary specimens found in the literature. 

To attempt to eliminate such possible misidentifications 
and the misinterpretations based on them, it is proposed in 
this thesis to create a new form genus for taxodiaceous 
foliar remains which cannot be positively assigned to 
specific genera. The artificiality of the genus is under- 
stood by its author, and justified by the rationalization 
that such a genus is a better repository for material where 
identification is uncertain than a previously well- 
established genus, placement in which might lead to erron- 


eous paleoecological and phytogeographic conclusions. 


Tarodtophytlum gen. nov. 


Generic Diagnosis - Foliar shoots bearing leaves in either 
spiral or sub-opposite manner. Leaves taxodioid, crypto- 
taxodioid, cryptomeroid, crypto-cupressoid, or cupressoid, 
with or without mucra present. Leaf base attached either 
squarely or obliquely and trending down the stem either 
slightly obliquely or parallel to the shoot axis. Leaves 
acicular, lanceolate, ovate, linear or obovate. 

Type species - Taxodtophyllum cordillarum Christophel sp. 
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Taxodtophyllum cordillarum sp. nov. 


Taxodtum dubtum (Sternberg) Heer. Chandrasekharam, 
iv/2,UnpUbl. thesis. Plate: 39 ,itigso244- Plate 
Ta belo mo A Oe 

Taxodium dubtum (Sternberg) Heer. Mathews and 
BrOOKG;wl9s/in eyesis. Vol. 4,7) Figs. 5,6. 


Sequota affinis Lesquereux. Mathews and Brooke. 
L9/IesoVYeSsis. VOL. 4, Figs. 7-9. 
Species diagnosis - Foliar shoots bearing from 12-50 leaves 
arranged in either a spiral or sub-opposite manner. Leaves 
taxodioid, crypto-taxodioid, cryptomeroid, crypto-cupressoid, 
Or cupressoid, ranging in maximum width of the leaf from 
0.1 mm - 4 mm and in length from 1.0 - 40.0 mm; with or 
without mucra. Leaf base attached either obliaquely or 
squarely and trending in an oblique to parallel fashion 
down the axis. Leaves acicular, lanceclate, ovate, obovate, 
linear or spatulate. 
Holotype - Specimen S1040 (Figs. 81, 84) which is deposited 
in the paleobotanical collection, Department of 
Botany, University of Alberta, Edmonton. 


Locality - Genesee, Alberta (Chandrasekharam, 1972) 


Discussion - The specimen listed as the holotype of the 
species was described as Taxodium dubium by Chandrasekharam 
inelo22 ) eAtethisatime heustated tha. due tolthe small 
number of specimens collected, the identification was some- 
what questionable. The main criterion used by that author 


to distinguish the specimens from Glyptostrobus was the 
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bulbous disposition of scale leaves found on some of the 


deciduous shoots. However, a study of fossil and extant 
Glyptostrobus made earlier and presented in this thesis has 
shown that the range of disposition of scale leaves in 
Glyptostrobus includes a form displaying a tight spiral 
(somewhat bulbous) at the base. Therefore, as only eight 
specimens were collected, it seems that placing the material 
in the genus Taxodiophyllum is much safer. 

Similarly, the material from Quilchena, British 
Columbia (Mathews and Brooke, 1971), is placed in the genus 
due to the fragmentary nature of the material and the 
paucity of specimens. It is beyond the scope of this thesis 
to make a thorough search of the literature for possible 
additional synonomies. It is hoped, however, that future 
workers will use the new genus for specimens where identifi- 
cation is questionable. The diagnosis has been made 
particularly flexible to accomodate and encourage its use 


on a diversity of specimens. 


Summary - Within the family, Taxodiaceae, four genera, 
Metasequota, Sequota, Taxodtum, and Glyptostrobus show a high 
degree of similarity in both extant and extinct species. In 
1951 Chaney presented a thorough review of the first three of 
these genera and suggested a list of criteria for distin- 
guishing between their fossil species. 

Based upon a thorough study of the members of the 
Taxodiaceae present at the Smoky Tower locality and upon 


further studies of extant material and fossil material from 
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other localities, this author has undertaken a reexamin- 
ation of Chaney's criteria with the inclusion of the genus 
Glyptostrobus. This reexamination has shown that the 
distinguishing characters are not nearly as constant as 
indicated by Chaney in 1951, and that a large amount of 
overlap, particularly in vegetative characteristics, is 
evident in both fossil and extant specimens. Because of 
this le vs*concluded that 1t/i1sS not possible to, construct 
a list of constant criteria for the identification of the 
four genera. Confident identification can only be made 
when a large suite of the material is at hand and when it is 
judged on the basis of many criteria and compared to extant 
maternta kee simMplrcre in this conclusion 15° the concept that 
the fossil material being dealt with spans a time period of 
over 60 million years, and that the evolutionary changes 
possible in this time period must be taken into consider- 
ation. An excellent example of this possible evolutionary 
variation is the genus Parataxrodtum Arnold and Lowthar 
(1955). While tentatively placed in synonomy with Meta- 
sequota occidentalis in this thesis pending further examin- 
ation of the material, it shows a range of characteristics 
that overlap both Metasequota and Tazxodtum. 

In the past, identification) of these genera has often 
been made on relatively few specimens showing ill-defined 
characteristics. In an attempt to avoid the possible paleo- 
ecological and phytogeographical errors based on such 


identification, the new genus, Taxodtophyllum, has been 
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Specimen of extant Taxodium dubium from the 

University of Alberta greenhouses, showing a 
deciduous shoot with leaf arrangement either 
subopposite or opposite. xX 1.5 


Specimen S1040 - holotype of Taxodtophyllum 
cordillarum sp. nov. from Genesee, Alberta. X 3 


Specimen P67.1.145 - a deciduous shoot of Glypto- 
strobus nordensktoldit from the tuff horizon 
showing pronounced taxodioid leaves; deposited 

in the Alberta Provincial Museum and Archives 
colleetron, Eamontoner x2 


Enlarged view of Fig. 80 showing the subopposite 
arrangement of some leaf pairs and the parallel 
nature of the leaf base in reference to the shoot 
axistT See 4 


Specimen S1040 - enlarged view of Fig. 81 showing 
the position and nature of the leaf bases. X 5.5 


Specimen P67.1.145 - enlarged view of Fig. 82 
showing leaf attachment. xX 4 
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proposed for specimens of uncertain affinities. While 
admittedly artificial, this genus is hoped to provide a 
place of assignment (either temporary or permanent) for 


limited or questionable taxodiaceous remains. 


Class: Angiospermae 
Sub-class: Dicotyledonae 
Familv: Cercidiphyllaceae 


Cerctdiphyllum sp. (Figs. .86,.87) 


Description - Twelve specimens which could be assigned with 
confidence to the genus were collected. Identification was 
based on the presence and position of the three major 
primary veins, general leaf shape, nature of the margin and 
the presence or absence of glands. Comparison with the 
excellent collection of Cercidtphyllum from the Genesee 
locality supported the identification. 

Leaves ranged from 2.0 - 7.5 cm in maximum length and 
from 1.7 - 7.8 cm in maximum width. Of the 12 specimens, 
two exhibited a cordate base, while others ranged from 


cuneate to obtuse. 


Discussion - An exhaustive study of Ceretdtphyllum by 
Chandrasekharam (1972) resulted in division of known fossil 
material (of Cretaceous or Paleogene age) into three 
species. Much of this work was made possible by the 
excellent preservation encountered in specimens of Ceretdt- 


phyllum from the Genesee locality. Unfortunately, material 
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assignable to this genus from the Smoky Tower locality 
lacked this remarkable preservation, and many of the 
criteria for specific assignment used by Chandrasekharam 
were unavailable to the author. In a personal communication, 
Dr. Chandrasekharam expressed the opinion that the majority 
of the specimens probably represented Cercidiphyllum 
flexuosum (Hollick) Chandrasekharam based on the arcuate 
nature of the primary veins and on the margin (Fig. 86). 
However, certain specimens were more likely representative 
of C. genesevianum Chandrasekharam (Fig. 87) and it was 
also possible that the third recognized species, C. cuneatum 
(Newberry) Chandrasekharam was also present. In the final 
analysis, however, he agreed with the author that assignment 
beyond the generic level was undesirable because of the 


poor preservation and the paucity of specimens. 


Family: Platanaceae 


Platanus raynoldstt Newberry (Figs. 88-91) 


Description - Leaves found at the Smoky Tower locality 
range from ovate in the smaller specimens to tri-lobed in 
the larger ones (Fig. 88). The margin is undulate with 
glands observable on some of the teeth. The base, when 
present, ranges from truncate to cordate with 2-3 small 


lobes occasionally observable at the base (Figs. 90, 91). 


Discussion - The 32 specimens which were collected from the 
Smoky Tower locality and assignable to this genus:make this 


the angiosperm genus with the highest recorded frequency at 
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the locality. While no entire specimens were collected, 


the characteristic lobing combined with the typical major 
venation and size allowed the specimens to be assigned to 
the genus with confidence. Brown (1962) placed a large 
number of specimens of different genera and species in 
synonomy with P. raynoldsit. The major leaf characteristics 
(i.e. venation, margin, and major lobing) correspond closely 
in the Smoky Tower material with that figured by Brown 
(1962) and also later by Chandrasekharam (1972). It is 
interesting to note, however, that the basal lobes prominent 
in some specimens from the Smoky Tower locality (Figs. 90, 
91) are not mentioned or figured for this species by Brown. 
The only specimens figured by Brown (1962) for the genus 
Biatands which do show the basal lobing feature were placed 
by him in the species P. nobilis Newberry. In his descrip- 
tions and discussions of the two species, however, he fails 
to mention whether he considered this a distinguishing 
feature. Furthermore, he did figure a specimen of the 
extant Platanus occtdentalts Linnaeus (Brown, 1962, Plate 
29, Fig. 2) which illustrates the basal lobing, but did not 
mentionesit as differing from P. raynoldet? in this character— 
ce hep ite) x 

In discussions with Professor H. MacGinite of the 
University of California, Berkeley, in December, 1972, the 
opinion was put forth by that worker that the fossil 
species of the genus Platanus are in need of revision based 


on studies of the variation observable in the extant species 
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FIGURES 86-91. 


Fig. 86./»'Specimen S1640 - Cerctdiphyllum sp. showing 
irregular serrations, palmate major venation and 
irregular tertiary venation. xX 1.3 


Figs 87. Specimen P67.1.07 - Cereidtpnyllum sp. showing 
palmate major venation and definite marginal 
glands: deposited in the Alberta Provincial 
Museum and Archives collection, Edmonton. xX 1.7 


Bigs. S8-91. Platanus raynoldesz2, Newberry from the tuft 
DOLERZON. 


Fig. 88. Specimen S1646B - shows three major apical lobes 
typical of a mature leaf of the taxon. X 0.7 


Fig. 89. Specimen S3046B - shows central area of a large 
leaf with an Equisetum rhizome growing through 
cae eee 


Fig. 90 aniSpecimen,P6é#r2.27 — shows the base of a large 
leaf with several basal lobes near the petiole; 
deposited in the Alberta Provincial Museum and 
Archives collection, Edmonton. xX .85 


Fig. 91. Specimen S2775 - base of leaf showing distinct 
basal lobes. X 1.5 


piitwota .dae mint Sans tiie 97 
faniprem atiat 6 ot 
Tstonivoxt 57 i 

.1 * -nodaomba paraerr . 


ix 
ttus off3 mox? rere sPeabsorynt Bunps nS os 2. ah 
.foxiaod -& : 


ta 
asdol Sapigs szotem sexist awode - debate nemiveqa pt 
r.0 % -.ftoxed ont 40 Beet siudem 5 t0 Isoiqyd ait im) 


Spiaf # to sexs fetiaso ewok - BoboEe nemiseq2 ‘ee 
fpuowls petworp smosida muitsesmpa 18 foie sack, pit 


apis! s to sesd eft awode - TS.&.789 nomi 

pestngptins ad “isen #4dol L[sesd a aie ha t 
ee ria head ts sttedLA edt at 

ee. . tot homba useeetek te grat 


tjoniteib ontwode tsel to sesd - arrse pees 
@.£X% .eedol Ise 


‘a 


tain aA. on is 


“ ; | ie he 


19 


of the genus. As such a study was not within the scope of 
this thesis, assignment of the Smoky Tower specimens of 
Platanus raynoldsti is made with some hesitancy. As is 
pointed out by Chandrasekharam (1972, p. 138) Platanus 
raynoldstt seems to agree in its general characteristics 
with the extant P. ecuneata Willd. Until more detailed 
comparisons of P. cuneata and P. occidentalis in all their 
variants are made with the fossil material, the status of 


fossil species of Platanus remain uncertain. 


Family: Ulmaceae 


Zetkova sp. (Figs. 92-94) 


Description - The leaves range in length from 3.0 - 6.5 cm 
and in maximum width from 2.0 - 4.5 cm. The margins show 
doubly serrate teeth (Fig. 93) and in general the leaves 
display craspedodromous secondary veins and have a generally 
asymmetrical outline. All specimens encountered appear 
coriaceous and show a definite irregularity in the dis- 


placement of secondary veins. 


Discussion - The definite ulmaceous affinities of the 
specimens from the Smoky Tower locality are shown by the 
nature of the teeth (acuminate on both basal and apical 
sides), by the craspedodromous secondary veins, and by the 
slight asymmetry of the leaf shape. The 16 specimens 
collected which are referable to this genus make it the 
second most common angiosperm leaf fossil encountered in the 
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Differentiation between fossil representatives of 
Ulmus and pie is often difficult. The general character- 
istic most often used is the nature of the marginal 
serration (Brown, 1962). Ulmus usually displays regularly 
doubly-serrate teeth, while Zelkova has uniserrate teeth 
with occasional double serrations. The Smoky Tower material 
generally displays both single and double serrations on any 
given specimen, and therefore fits best with the genus 
Zelkova. A comparison with other fossil ulmaceous specimens 
described in the literature shows that the best comparisons 
can be made with Zelkova oregontana (Knowlton) Brown 
(Becker, 1961, Plate 18, Figs. 13-18). Favorable compari- 
sons may also be drawn with the extant Zelkova serrata 
Makino (Brown, 1962; Becker, 1961) which is restricted in 
its distribution to eastern Asia. 

Photographs of Fig. 92 and of other specimens were sent 
to Dr. J. Wolfe, United States Geological Survey, for an 
opinion. In his reply, Dr. Wolfe stated: 

"From the illustration, your leaf appears to be 

somewhat more primitive than Zelkova, in that 

the secondary veins are more irregularly spaced.... 

Your leaf represents (insofar as I can tell 

without seeing fourth and higher order venation) 

either an extinct genus or a primitive member of 

LELKOUG ... 

Because of the lack of preservation of higher orders of 
venation, as mentioned by Wolfe, and also because of the 
paucity of specimens, it is the opinion of the author that 


it would be unwise to consider creation of a new genus or 


even specific assignment. Thus, the ulmaceous remains from 
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the Smoky Tower locality will be identified as Zelkova sp. 
until such time as more definitive material is found or more 


definite distinguishing criteria are established. 
Ineertae sedis 


The positive affinities of the specimens shown in Figs. 
95-102 are at present unknown. They will be discussed 


separately by figure number. 


Eel Gun g9 5 

In addition to the figured specimen, four others were 
recovered from the Smoky Tower locality. While the structure 
is obviously reproductive, preservation is too poor for 
positive identification. The two most obvious possibilities 
are (1) that the specimens represent the cones of a Lycopod- 
tum-like plant or (2) that they represent the reproductive 
structures of amentiferous angiosperms. The first possibil- 
ity is supported by the sporophyll-like appearance of the 
units attached to the main axis (Fig. 95, letter T). Their 
relationship to the axes and their shape is reminiscent of 
the sporophyll morphology of an extant Lycopodtum. The lack 
of vegetative remains assignable to Lycopodium weakens this 
possibility, however. The second possibility, that of 
angiospermous affinities, is supported by the number of 
unidentifiable angiosperms represented by leaf remains which 
might possess this type of reproductive structure. 

One structure was sacrificed by macerating a portion 


of it and making an acetate peel of the remainder. The 
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maceration yielded no spores or other helpful material, and 
the peel did not reveal any other distinguishing features. 
The maximum length of the specimens ranged from 2.5 - 5.5 cm 
which puts the structures well within reasonable size range 


for either a Lycopodium cone or a catkin. 


Figs.96, 98 

Seven specimens of a similar nature were recovered from 
the locality. The figured specimen shows a branch with what 
appears to be one entire and one partial, naked spur 
shoot. The entire shoot is 42 mm long and 12 mm at its 
maximum width. The preservation of the partial shoot 
fragment on the same specimen (Fig. 98) shows detail that 
compares favorably with a specimen identified as a Ginkgo 
spur shoot by Becker (1969, Plate 5, Fig. 1). The presence 
of numerous Ginkgo leaves in the flora adds support to this 
possibility, but as no leaves were ever found attached, and 
as other conifers with possible spur shoots were present, no 


formal assignment could be made. 


PAG. eso, 

This specimen represents the only definitely. compound 
angiosperm leaf collected. Of the three leaflets shown in 
the figure, the one on. the left 1s best preserved. sit has 
a maximum length of 44 mm and a maximum width of 19 mm. The 
leaflets show pinnate venation, possess an entire margin, 
and are craspedodromous. Further detail could not be 


observed because of poor preservation. 
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FIGURES 92-95" 


Figs. 92-94. Zelkova sp. from the tuff horizon, Smoky 
Tower locality. 


Fig. 92. Specimen P66.8.68 - deposited in the Alberta 
Provincial Museum and Archives collection, 
Edmonton. xX 3 


Fig. 93. Specimen P66.8.68 - enlarged view of another 
leaf showing the double serrations on the right 
and the tertiary venation pattern; deposited in 
the Alberta Provincial Museum and Archives 
eollection, Edmonton... 9X 75.6 


Fig. 94. Specimen showing several related similar leaves; 
unnumbered specimen deposited in the private 
collection of Mr. B. Tiemons, Grande Prairie, 
Alberta. X 1.8 


Fig... 95. ‘Specimen 62757 —“incertae sedte 7 ay revproauctive 
structure similar to either Lycopodtum (letter T 
shows upturned tip of one of the units, reminisc- 
ent of a Lycopodtum sporophyll) or to an amenti- 
ferous catkins ecco 
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Fig. 99 
This specimen has a maximum width of 52 mm and an 

estimated maximum length of 75 - 90 mm. The venation is 
pinnate with strong craspedodromous secondaries with regular- 
ly looping tertiaries. The margin is coarsely dentate with 
large glands visible at the apex of each tooth. Five pairs 
of subopposite secondary veins are visible. Despite the 
good preservation shown by the portion of the leaf present, 
the absence of both the base and the tip makes identific- 
ation impossible. It may be seen that the specimen was 


found in association with Thujopposttes interruptus. 


itera, SLOW 

This specimen represents the only complete, entire 
margined leaf recovered from the tuff horizon of the Smoky 
Tower locality. It has pinnate venation, with irregular 
secondaries which exhibit a craspedo-camptodromous disposi- 
tion. The maximum length (including what appears to be a 
drip-tip) is 88 mm while the maximum width is 62 mm. In 
general this specimen is quite similar to one other entire 
margined leaf from the tuff horizon with the exception that 
the latter has regularly opposite secondary veins while 


this specimen has irregularly alternate ones. 


abaya, SLO 
Three leaves similar to the figured specimen were 
recovered from the tuff horizon. All specimens show a 


definite cordate base, irregularly serrate dentition, 
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FIGURES 96-100. 


Figs. 


Fxg. 


Fig. 


Fig. 
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96-100. JIneertae sedis from the tuff horizon, Smoky 
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Tower locality. 


Specimen S1835 - branch with two naked spur 
shoots; similar to specimen described as Ginkgo 
spur shoot by Becker (1969). xX 1.4 


Specimen S3422A - compound angiosperm leaf show- 
ing an entire margin on each leaflet and nearly 
opposite, pinnate primary venation. X 1.7 


Specimen S1835 - enlarged view of Fig. 96 showing 
the tightly packed spiral of probable leaf bases. 
xX 4 


Specimen S1944 - angiosperm leaf showing a 
serrate margin; twig of Thujopposttes tnterruptus 
ViSIDleskonMthemciognt mer sl 


Entire margined angiosperm leaf with a drip-tip; 
numberless specimen deposited in the private 
collection of Mr. B. Tiemons, Grande Prairie, 
Alberta. y xX 73 
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craspedodromous venation with regularly spaced secondaries 
and irregular tertiaries. The figured specimen has a 
maximum length of 82 mm and a maximum width of 66 mm which 
occurs approximately one-third of the distance from the base. 
All three specimens compare favorably with the genera Vitis 
and Ampelopsts of the family Vitaceae as figured by Brown 
(1962). However, a large enough suite of specimens was not 
present for definite identification, nor was preservation 


that good. 


Eeacame 0 2 

Only one specimen of this nature was recovered. The 
leaf has a maximum width of 67 mm and a maximum length of 
110 mm (excluding the short petiole). The margin is 
coarsely serrate and the venation pattern shows a strong 
mid-rib with alternate craspedo-camptodromous secondaries. 
The apices of the coarse marginal teeth appear glandular, 
and the apex of the leaf is elongated into what might be 


termed a drip-tip. 


Siltstone Flora 


Approximately five feet above the tuff bed containing 
the coniferous flora just described is a layer of siltstone 
3-4 feet in thickness which contains another fossil flora 
(Text-Figs. 1, 2). Unlike the tuff flora, this one is 
composed primarily of angiosperm leaf remains and the 


remains of vascular cryptogams. The matrix is somewhat 
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FIGURES 101-104. 


Pig. 101: 


EUG eles 


Hige eo. 


idelegy SHOCK: 


Specimen S3434B - Incertae sedis from the tuff 
horizon; possibly belonging to the Vitaceae. 
X25 


Specimen P67.1.61 - Incertae sedis from the tuff 
NOeZ On. eS 


Specimen S3892 - Glyptostrobus nordensktoldtt 
(Heer) Brown from the siltstone horizon, site B; 
probable seed cones shown on the right of the 
specimen. X 1,25 


Specimen $3841 - Azolla sp. from the siltstone 
Hori ZOn.) oo 
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darker, leaving slightly less contrast with the carbonized 
renainse (Pigs, 2)ethanescound in the ture horizons leaig. 9): 
However, preservation is slightly better, with some tertiary 
and higher orders of venation being visible. The diversity 
of this flora was not realized until late in the study, and 
thus many angiosperm leaves, which may later prove present 
at the site in statistically significant quantities, are 
either omitted from this thesis or treated as Incertae sedis 
because of the small number of specimens collected. Follow- 
ing is a list of the genera collected, with the number of 
each variety placed in parentheses and the approximate 
percentage of flora following. Collecting indicated that 
the lateral distribution evident in the tuff horizon was 

not present in the siltstone horizon. However, the occur- 
rence and deposition of Equitsetum shown in the tuff horizon 
was also found here. Because of this and the large number 
of angiosperm remains not identified, the percentages of the 
various taxa in the flora calculated may not be truly 


representative in spite of the random distribution evident. 


Class: Equisetinae 
Family: Equisetaceae 


Equtsetum arcttcum Heer (64) 29% 


Class: Filicinae 
Family: Salviniaceae 


Azolla sp. (10) 4% 
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Ineertae sedis (14) 6% 


Class: Gymnospermae 
Family: Taxodiaceae 
Glyptostrobus nordenskioldit Heer (4) 0% (specimens 


found at site B) 


Class: Angiospermae 
Sub-Class: Monocotyledoneae 
Ineertae sedis (37) 16% 
Sub-Class: Dicotyledonae 
Family: Cercidiphyllaceae 
Ceretdtphyllum sp. (45) 20% 
Family: Caprifoliaceae 
Viburnum sp. (14) 6% 
Family: Ulmaceae 
Ineertdersed: satl5)a7% 


Ineertae sedis (20) 9% 


Class: EQUISETINAE 
Family: Equisetaceae 


Equtsetum arcttcum Heer 


Description - Specimens representing almost all. organs 
associated with plants of the genus EFquisetum were found in 
the siltstone horizon. Unlike the tuff horizon, the silt- 
stone beds are rich in aerial remains as well as those 


belonging to underground portions of the plant. Numerous 
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detached leaf-sheaths (Fig. 105) were found as were sections 
of stem with the leaf-sheaths still in place (Fig. 106). 
Nodal plates collected exhibited dark areas in the position 
occupied by vascular bundles in extant plants (Figs. 108, 
110). These dark areas varied in number from 13 - 17, with 
the most common number being 15 (Fig. 110). Some internodal 
cross sections were also preserved, and these have what 
appeared to be 10 areas representing vallecular canals (Fig. 
109). Underground portions of axes were collected which 
have attached tubers (Fig. 107). The largest number of 
tubers observed was 10, with the average being 7. 

Numerous structures were found cetached, yet associated 
with Equitsetum remains, which bear a striking resemblance to 
old, dried strobili (Fig. 111). These structures exhibit 
8-20 pairs of what appear to be peltate sporangiophores 
(Fig. 111, letter P). Peeling and maceration techniques 
failed to yield additional evidence for this interpretation 
or to shed any light on the identity of the specimens. As 
none have actually been found attached to Equtsetum veget- 
ative remains, the interpretation will have to remain 


tentative. 


Discussion - Earlier in the chapter, under the heading "Tuff 
Flora", the parameters of Equisetum arcttcum Heer were 
discussed in detail. As with the specimens from the tuff 
horizon, those from the siltstone fit within Heer's 


diagnosis in regard to general size, shape, and tuber 
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Figs. 105-lll. f#qutsetum arcttcum Heer from the siltstone 


Pig.. 105% 


Fig. 106. 


Fig ahi 


Pig. 108. 
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horizon, Smoky Tower locality. 


Specimen S1969B - unattached leaf-sheaths. xX 1.8 


Specimen S3801B - aerial axis showing ribbing 
and an attached leaf-sheath with 9 teeth. X 2.5 


Specimen $3224 - cross section of a rhizome node 
showing portwons of, 7 (tubers io 


Specimen S3891 - nodal plate showing the apparent 
position, Ofe13 wascular bund) ecw <> 


Specimen S3725B - internodal cross section 
apparently showing 13 valecular canals and a pith » 
Cavity.) 2X26 


Specimen S3803A - double nodal plate with the 
left plate showing the apparent position of 15 
vascular bundles. xX 4 


Specimen S3798A - possible shrivelled strobilus 
showing peltate sporangiophores (letter P). X 2 
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morphology. While features not encompassed in Heer's 
diagnosis are present in the material from the siltstone 
horizon (e.g. nodal anatomy, possible reproductive 
structures), they are not taxonomically significant enough 
to warrant creation of a new species or emendation of Heer's 
diagnosis for £. arcttcum. 

It is interesting to note that like the Fqutsetum in 
the tuff horizon, underground axes are found running at a 
variety of angles to the bedding plane in the siltstone 
horizon. This would appear to indicate growth after 
initial deposit of some of the sediments involved. This 
concept is discussed more thoroughly in another portion of 


the text (pp 


Class: FILICINAE 
Family: Salviniaceae 


Azgolla sp... (Fig.) 104) 


Description - Fragmented stems ranging from 2 - 4.5 cm in 
length, branching pinnately, and possessing bilobed leaves 
were collected from the siltstone horizon. The lobes of 
the leaves average 2.0 mm in length and just over 1.0 mm 
in width. The remains were found in overlapping patches, 
and thus individual leaf shapes and sizes were not deter- 
minable for much of the material. No reproductive 


structures were found. 


Discussion - None of the 10 specimens found showed either 
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micro or megaspore complexes as were found in comparable 
material from Genesee, Alberta (Chandrasekharam, 1972, pp 
25-27). The Genesee material was placed in the expanded 
species Azolla schopfit which had originally been created 
for reproductive material. Although the Smoky Tower 
vegetative material is very similar in size and shape to 
the vegetative portions of the Genesee material, the lack 
of reproductive material makes it impossible to assign it 
to the same species. The Smoky Tower Azolla is therefore 
left as Azolla sp. until such time as reproductive 
structures are recovered or more vegetative details are 


obtained. 


Ineertae sedis 


Description - Fourteen additional specimens definitely 
assignable to the Filicinae were recovered from the silt- 
stone horizon of the Smoky Tower locality. They represent 
fragments of sterile fronds (Fig. 112) made up of from 5-13 
pairs of primary pinnae, each consisting of 10-16 pairs of 
imbricated pinnules. The specimen shown in Fig. 112 
illustrates the degree to which the pinnules overlap, and 
this, coupled with the coarseness of the matrix makes 
taxonomic identification very difficult. For example, it 
is impossible to say whether or not the pinna shown by the 
JetteraP lin, Fig. 112 is composed ofepinnulesvor Pacreeonte 


a single unit. The figured specimen has an over-all 
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Maximum length of 9 cm and a maximum diameter (basal entire 
pinna shown) of 5.5 cm, which also represents the maximum 


length of a primary pinna. 


Discussion - Identification of ferns on purely vegetative 
remains is often difficult. The material found in the 
siltstone horizon bears a distinct resemblance to the 
material collected at the Genesee locality (Chandrasekharam, 
1972) and which was identified as Woodwardta arctica Heer. 
However, as Brown (1962) pointed out, this genus bears a 
close resemblance to the genus Onoclea, the only difference 
being the entire margin on the latter as opposed to a 
serrate margin on the pinnules of Woodwardia. While 
definite serrations appear on some of the specimens, others, 
Sucipasuthe one figured, are difficulty to interpret wwe iis 
even possible that more than one taxon is represented by 
the 14 specimens. Because of the general uncertainty 
surrounding their Tereee cart OMmnr ne 14 specimens are 
placed in Incertae sedis pending the discovery of fertile 


material or more diagnostic sterile material. 


Class: GYMNOSPERMAE 
Family: Taxodiaceae 


Glyptostrobus nordensktoldt Heer 


Discussion - Four specimens were collected from the silt- 
stone horizon at site "B" which are believed assignable to 


the genus Glyptostrobus. One specimen, shown in Fig. 103 
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has associated with it structures which appear to be glypto- 
stroboid seed cones, thus strengthening the identification. 
These four specimens represent the only gymnosperm remains 
found in the siltstone horizon. It is interesting to note 
that these four, as well as specimens bearing fragments of 
Equisetum, were collected from a very limited outcrop of 
the horizon approximately 0.7 miles southeast of the main 
colleécting@area@ (Site "B")TXVYThisncould Leadetoninteresting 
conclusions regarding the lateral variation of taxa within 
the siltstone horizon, but the limited nature of this other 
outcrop, in addition to the badly weathered condition of 
the specimens collected there, makes a more thorough study 


of this aspect impractical. 


Class: ANGIOSPERMAE 
Sub-Class: Monocotyledoneae 


Ineertae sedis 


One of the most common members of the siltstone horizon 
flora, yet one ofethesmost. difficultyto characterize and 
identify is a type of plant remain resembling broken leaves 
of an aquatic monocot such as Typha. Specimens are commonly 
found mixed with other genera, often with breaks or folds 
(Fig. 2, letter T). Of the 3/7 specimens collected, none 
showed either a proximal or a distal end, or gave any 
indication of tapering. The largest specimen recovered had 


a maximum length of 16.5 cm and a maximum width of 2.2 cm 
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with no more than a 0.2 cm variance in width throughout. 
The only detail preserved is dark lines running parallel 
along the length of the specimens in a position and of a 
Size expected for the veins of an aquatic monocot. 
Asebeckers(1969, p. 70) pointed out, ,without entire 
plants, fragments of fossil specimens of the genera Typha, 
Phragmites, and Arundo could be easily confused. Because 
of this, and the poor preservation thus far encountered in 
Similar specimens from the siltstone horizon, the specimens 
are not assigned to a taxon at this time. Perhaps the most 
Significant point is that all three genera mentioned by 
Becker are found as shore-line constituents of rather quiet 
bodies of water in the modern-day environment. Therefore, 
the presence of relatively large quantities of specimens 
possibly assignable to one of the three genera is consist- 
ent with the hypothesized depositional environment for the 
locality at .the time of the formation.of,the siltstone 
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Sub-Class: Dicotyledoneae 
Family: Cercidiphyllaceae 


Ceretdtphyllum sp. 


The 45 specimens assignable to this genus are remark- 
ably similar in over-all morphology. While their maximum 
length varies from 12 mm to 48 mm and the maximum width 
from 10 mm to 47 mm, the overall shape, venation, and 


marginal serration remains constant (Figs. 115, LLG JF none 
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of the few variations encountered was in the nature of the 
base. Some specimens show a definite truncation of the base 
with the inner primaries arising within the truncation (Fig. 
116), while most show an obtuse or nearly cordate base 

(Regma 5').* 

Personal communications with Dr. A. Chandrasekharam, 
who monographed the genus in 1972, indicated that that 
author agreed with the opinion that all 45 specimens are 
probably members of a single species. This differs from the 
Ceretdtphyllum collected from the tuff horizon, which is 
thought by this author (and supported by Chandrasekharam) 
to contain two, and possibly all three of the species 
delimited in Chandrasekharam's 1972 work. As much of that 
work was based on extremely fine details of venation and 
statistics compiled from hundreds of specimens, it is not 
possible to confidently assign the more poorly preserved 
and scarcer Smoky Tower siltstone material to a given 
species, and identification has been left at the generic 


level. 


Family: CAPRIFOLIACEAE 


Viburnum sp. 


Description - Of the 14 specimens collected from the silt- 
stone horizon, 9 compared favorably with specimens shown by 
Brown (1962, Plate 64, Figs. 1-3, 5, 7-11, 6) and identified 


as either Viburnum asperum Newberry or as an ancestral form 
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of* the species. ~ The other five, while not directly 
comparable, are similar enough to the first 9 to be also 
included. The leaves range from ovate to spatulate in 
shape with a maximum length varying from 1.5 - 8.5 cm anda 
maximum width of 0.9 - 6.0 cm. All specimens are pinnately 
veined with a strong midrib. Venation is craspedodromous, 


with the margin being singly or doubly serrate. 


Discussion - It is interesting to note that the specimen 
shown in Fig. 113 bears a striking resemblance to the 
specimen shown in Fig. 6, Plate 64, by Brown (1962) and 
labeled by him as being "a probable ancestor of Viburnum 
asperum". The slightly asymmetrical shape of this leaf 
gives a general appearance similar to many members of the 
Ulmaceae. 

Photographs of the specimen shown in Fig. 117 were sent 
to Dr. J. Wolfe, United States Geological Survey, Menlo 
Park, California, for confirmation of identification. Dr. 
Wolfe (personal communication) stated that while he agreed 
that the specimens were identical with those historically 
identified as Viburnum asperum, it was his opinion that 
these specimens could well represent primitive members of 
the Ulmaceae based on the nature of the marginal teeth and 
the venation. Because of the opinion stated by Wolfe, and 
also taking into consideration the earlier observation on 
the specimen listed by Brown as ancestral, some doubt 


must be cast on the correctness of the placement of 
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Specimens previously identified as Viburnum asperum in the 
genus Viburnum and perhaps even in the Caprifoliaceae. Only 
a thorough study of the leaves of the modern genera involved 
will allow a definitive statement to be made regarding the 


fossil specimens. 


Family: Ulmaceae 


Ineertae sedis 


If all the partial fragments probably assignable to 
this family were counted, this would be the commonest angio- 
sperm taxon in the siltstone horizon at the Smoky Tower 
locality. As it is, the 15 specimens complete enough to 
make an identification are still not preserved well enough 
or in sufficient quantity to identify them at the generic 
level. The specimen shown in Fig. 114 has the typical 
ulmaceous venation and marginal teeth, and is very similar 
in appearance to a specimen figured by Becker (1969, Plate 
21, Fig. 11b) and identified as Zelkova ungerzi Kovats. 
Other specimens illustrated by Becker in the same plate are 
identified as other species of Zelkova and Ulmus. The 
close similarity of all of these specimens makes it 
impractical to assign the Smoky Tower siltstone specimens 
to a definite genus and species until a larger collection 


with perhaps better preservation is at hand. 


Discussion - While it may be seen that relatively few 


definite identifications were made on the siltstone flora 
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Specimen $3733A - unidentified fern from the silt- 
stone horizon; letter P indicates area where it 

is impossible to distinguish pinnae from pinnules. 
pg Tag) 


Specimen S3806 - enlarged view of Fia. 
a probable Viburnum leaf. X 4 


2 showing 


Specimen S3250A - unidentified ulmaceous leaf 
from the*siltstoner horizon. 4 


Specimen $3058 - Cercidiphyllum leaf (possibly 
C. flexuosum) from the siltstone horizon; upper 
left portion of the leaf shows particularly good 
higher orders of venation. X 2 


Specimen $3252 - Ceretdtphyllum leaf (possibly 
C. flexuosum) from the siltstone horizon; 
illustrates a variety with a truncated hbase in 
which major primary veins originate. X 2.5 


Specimen S3739A - probable Vtburnum leaf from 
the siltstone horizon. | xe) 


Lee 
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from the Smoky Tower locality, the general differences 
between it and the tuff flora are nonetheless striking. A 
dominantly coniferous flora has been replaced in a relative- 
ly (geologically) short period of time by a dominantly 
angiospermous flora. Though not yet formally identified, it 
would appear that a more diverse flora is present in the 
siltstone horizon. It is hoped that further collection and 
a thorough comparative study of the comparable extant 
species will shed more light on the complexity of this 
flora. The possible significance of the differences between 
the siltstone flora and the tuff flora will be discussed in 


the concluding chapter. 


Microflora 


The numerous coal seams encountered at the Smoky Tower 
locality were all subjected to various techniques (pp 10-16) 
in an attempt to obtain microfossils for study and 
correlation with the megafloras. Particular attention was 
paid to those seams lithologically closest to the beds 
containing the fossil megafloras, and of these one in 
particular (Text-Fig. 2, Coal #2) yielded well preserved 
microfossils. 

A thorough palynological study was not one of the 
major objectives of this thesis. Therefore, only the most 
typical and stratigraphically significant palynomorphs 
encountered are figured, and only a superficial taxonomic 


treatment is given them. Prior to the examination of the 
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fossil palynomorphs, representative pollen of the extant 
SN als Sit of the megafloral elements were examined. 
Subsequent study of the fossil pollen and spores showed 
almost a zero correlation between pollen ype. /OL “tie 
macrofloral elements and the fossil pollen types actually 
encountered. Photographs of the major palynomorph types 
encountered were sent to Dr. S.K. Srivastava, Chevron Oil 
Field Research Company, for identification. Unless specif- 
ically stated, all tentative identifications made in this 
thesis represent the mutual opinions of Dr. Srivastava and 
the author. 

Following is a list of the palynomorphs with their 
relative frequencies (percentages). For this study a total 
of fifty fields from five different microscope slides was 
studied. 

Laevigatosporttes sp. (32%) Engelhardttoidites sp. (9%) 

Lycosporites sp. (6%) Bisaccate grains (213%) 

Tricolpites sp. (9%) Miscellaneous (213%) 


Aqutlapollenttes sp. (2%) 


Laevtgatosporttes sp. 


This genus is considered by many to be a catch-all 
taxon for both well preserved monolete grains and also 
many other morphs whose exines have been altered in some 
artificial manner. The two figured specimens (Figs. 124, 
125) show the typical reniform shape with the single 


aperture. While this type of spore is found in some 
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groups of ferns, no taxonomic conclusions may be drawn from 
the fossil specimens. Although this genus represents the 
most frequent microfossil encountered in the coal sample, 
the possible artificiality of the genus makes it signific- 


ance negligible. 


Lycosporites sp. 


As the name implies, this fossil spore bears a great 
Similarity to the spores of extant Lycopodium. Particular- 
ly diagnostic is the outer membranous appearing portion of 
the exine. Presence of Lycopodium-like spores would become 
much more significant should the reproductive structures 
(Fig. 95) from the tuff flora prove to be identifiable as 
Lycopodtum. The spore shown in Fig. 119 shows a suture of 
much the same shape and dimensions of that found in extant 


Lyecopodtum spores. 


Iyt@otpites Parvus ocanley 


As the name suggests, this is a morphological genus 
based on the obvious tricolpate nature of the palynomorph 
(Fig. 120). The species was erected by Stanley (1965) and 
is common in uppermost Cretaceous and Paleocene microfloras. 


No definite correlation with an extant taxon is suggested. 


Tricolpites vulgarts (Pierce) Srivastava 


Only three grains assignable to this species were 
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observed in the fields counted. The generic designation is 
again obvious, while this particular species is identified 
on the basis of its larger size and less pebbled exine 
(Fig. 121). Srivastava (1969) found this to be a common 
angiosperm grain in the Maestrictian deposits of Alberta, 


but the species also commonly ranges into the Paleocene. 


Aqutlapollenites echtnatus (Mschedlishvili) 


Rouse and Srivastava 


Seven specimens referable to this taxon were recovered 
from the #2 coal seam (Text-Fig. 2) at the Smoky Tower 
locality. Identification was made by Dr. S.K. Srivastava 
(personal communication). However, comparison of illustrat- 
ed specimens (Rouse and Srivastava, 1972, Fig. 48) with the 
Smoky Tower material (Fig. 118) has led the author to agree 
with Srivastava's identification. As Rouse and Srivastava 
indicate, this species is found in Cretaceous-Paleocene 


boundary sediments. Its affinities are unknown. 


Engethardtioidites tentupolus (Anderson) Srivastava 


This genus and species were revised by Srivastava 
(1972) based on specimens found in Paleocene deposits in 
Alabama. The major feature differentiating it from other 
similar triporite grains (e.g. Momtpites) is the lack of 
prominent, protruding lips around the pores CP emesis) ee 


The suggested taxonomic affinity is to Engelhardtia, a genus 
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in the Juglandaceae found in south-eastern Asia and Central 


America. 


Bisaccate grains 


While making up a large portion of the microflora, 
bisaccate grains are difficult to identify, and thus neither 
Srivastava or the author made an attempt at generic or 
specific identification. The specimen shown in Fig. 123 is 
probably assignable to Podocarpites, and is relatively 
infrequent in the coal seam studied. Most of the specimens 
making up the 21% of the flora which is bisaccate are 


probably assignable to genera of the Pinaceae. 


Discussion - All specimens recovered which were identifi- 
able at the species level have ranges extending across the 
Cretaceous-Paleocene boundary. It is the opinion of 
Srivastava (personal communication) that the flora probably 
represents a stratum comparable to the Wodehousea sptnata 
Zone (Srivastava, 1970) above the Kneehills tuff. This 
opinion is based on the abundance of Engelhardttotdites 
tentupolus and the presence of Aqutlapollenites echtinatus, 
which is not known to occur above this zone. The obvious 
lack of the nominal taxon, Wodehousea sptnata weakens this 
opinion. While the well log for the Smoky Tower locality 
does not show the Kneehills Tuff horizon, making it 
impossible to stratigraphically prove the correlation, the 


age suggested by this position is not inconsistent with the 
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FIGUREOn ULesl20- 


Fig. 118-125. Spores and pollen grains from Coal #2 (Text- 


Fig. 118. 


Fig. 119. 


Figel20r 
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Fig. 2) at the Smoky Tower locality, Alberta. 


Aqutlapollenites echtnatus from slide S10-301. 
2G ASTON 


Lyeosporites sp. from slide $10-303. xX 1850. 


Trtcoltprtes parvus from slide S10=-301)) sax soLouE 


Tr¢teolpttes vulgaris from slide ol0 SOG y) zoos 


Engethardttotdttes tentupolus from slide S10-302. 
XLS OUr 


Podocarpites sp. from slide S10-305. xX 720. 


Laevtgatosporttes sp. from slide S10-301. xX 1100. 


Laevtgatosporites sp. from slide S10-301. xX 1100. 
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information at hand on the age of the Smoky Tower strata. 


Molluscan Fauna 


In addition to the flora already discussed, the silt- 
stone horizon (Text-Fig. 2) also contains a limited gastro- 
pod fauna. With major assistance from Dr. C. R. Stelck, 
Department of Geology, University of Alberta, tentative 
identifications were made for the specimens collected. 
Identifications were based on the descriptions and illustra- 
tions found in works on similar freshwater faunas (Russell, 
DOZOFeLo32, L964, 1967-sTozer, 1956; Henderson. 2935). 
Among specimens examined, ones comparable to the following 
taxa were tentatively identified: Ltoplax nebrascensts, 
Valvata filosa, Oreohelitx rotundata, Reestdella protea, 
Physa canadensts, Sphaertum fowlert. None of these taxa 
have extremely restricted ranges, and all are found in 
strata of an age comparable with the Paleocene age assigned 
to the Smoky Tower locality and discussed in the next 
chapter. Many of the specimens were badly crushed, and as 
the identifications are only tentative, no specimens are 
figured within the thesis. 

In addition to the siltstone fauna, the blocky sand- 
stone just below this horizon (Text-Fig. 2) was found to 
contain pelecypod remains. These were comparable to Unto 


stantont and are also known to occur in Paleocene strata. 


Conclusions - The strata of the Smoky Tower locality have 
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yielded two distinct macrofloras, a molluscan fauna, and at 
least one microflora. The identifications of these 
assemblages, as discussed in the preceding pages, provide 
evidence for various stratigraphic and paleoecological 
conclusions which will be more thoroughly discussed in the 


final chapter. 
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CHAPTER 5 


COMPARATIVE FLORISTICS AND AGE OF THE FOSSIL BEDS 


Comparison of Smoky Tower Megafloras - From the systematic 


treatment in the preceding chapter, the two megafloras at 


the Smoky Tower locality can be seen to overlap very little 


in gross composition. 


For the sake of comparison the 


elements identifiable to genera from each of the horizons 


are listed below: 


TiGie Om. Zon 


Setadopitophyllum 
Metasequota 
Glyptostrobus 
Thujopposttes 
Equtsetum 

Ginkgo 
Cerctdtphyllum 
Platanus 


Zelkova 


Siltstone Horizon 


Equtsetum 
Azolla 
Glyptostrobus ? 
Ceretdtphyllum 


Lelkova or Utlmws 


The primary difference between the two floras is the 


striking abundance of coniferous remains in the lower tuff 


horizon and the lack of them in the siltstone horizon. The 
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4 Glyptostrobus specimens listed in the Siltstone horizon were 
found at site "B" and their credentials as members of the 
major flora may be questioned. 

Thus Ceretdiphyllum and possibly Zelkova become the 
only arborescent genera found which are common to both 
horizons. Even this overlap is not as significant as it 
might appear at first. In the opinion of Dr. A. Chandrasek- 
haram, two and possibly all three of the species of Cercidt- 
phyllum proposed by him (1972) for the Genesee flora are 
present in the tuff horizon of the Smoky Tower localitv. 
However, while quantitatively more abundant, the Cercidi- 
phyllum remains from the siltstone horizon are systematical- 
ly more restricted, probably representing only one species, 
Ceretdtphyllum flexuosum. 

Similarly, the ulmaceous remains of the siltstone 
horizon, while quantitatively much more frecuent, are, in 
the opinion of Dr. J. Wolfe (personal communication) 
certainly not the same species as represented by the 
specimens of the tuff horizon, and probably an entirely 
different genus. Thus the only positive correlation of 
remains of arborescent plants between the two horizons is 
represented by Cercidiphyllum flexuosum and its identific- 
ation is tentative. 

Though Equisetum areticum Heer is present in both 
horizons the variable position of its remains with respect 
to the bedding plane in each of the horizons would indicate 


that its deposition was probably secondary to that of the 
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Lays 
major floras of the horizons. It is interesting to note, 
however, that while only underground portions of Fquisetum 
are found in the tuff horizon, both underground and aerial 
portions are present in the siltstone. This would seem to 
support the hypothesis that a much slower rate of deposition 
of sediments occurred to form the siltstone layer. While 
the underground portions of Equisetum grew through the ash 
deposits which later formed the tuff layer, thev probably 
did so after the ash deposition was complete, and thus no 
aerial portions are preserved in the tuff. Following 
similar logic, while the Equisetum in the siltstone layer 
grew after the initial deposition of some of the sediment 
and associated leaves (as indicated by the position of 
preservation relative to the other fossils and by the fact 
that several angiospermous leaf remains have been pierced 
by the Equisetum rhizomes) deposition of the same sediment 
must have continued, as aerial axes, leaf-sheaths, and 
possible reproductive structures are also preserved in the 
same horizon. 

While the above observations mav seem unrelated to a 
comparison of the two floras, they actually emphasize an 
important point. Based on these observations of Equisetum, 
iteis highly probable that the entire tlora represented: by 
the tuff layer is far more restricted, both in the length 
of time of deposition and the area from which sediments 
were derived adjacent to the area of deposition than the 


siltstone horizon. In contrast, the upper siltstone horizon 
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May represent the center of a wide and long-term 
depositional area, and thus contain elements from ecological- 
ly different regions. 

At first glance the lists of genera found in the two 
horizons would tend to indicate broad environmental changes, 
going from a predominantly coniferous forest to a habitat 
almost devoid of conifers and dominated by angiosperms. 
However, closer examination of the depositional factors 
which may have been in effect shows that the over-all 
environmental, and consequently floristic, conditions for 
the region mav not have been as drastically different as 
the fossils preserved in each of the two horizons would 
indicate. Considering the possible differences in 
deposition it is possible that a comparison of the tuff 
flora with the siltstone flora may be similar to comparing 
the inhabitants of a microhabitat with those of the 


encompassing macrohabitat. 


Dateral Distribution Within the Tuff Horizon — During the 
early stages of collecting at the Smoky Tower locality, 
when the tuff horizon was visible as a lateral band along 
tne exposed hill face (Fig. 91), detter 1), 1t becane 
apparent that the various organ genera were located in 
specific areas within the outcrop, and not randomly 
distributed as might be expected. For example, after 
completion of the first exploratory collecting, it could 
be stated with confidence that collections made near 


the region designated A in Fig. 1 would contain primarily 
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Specimens of Thujopposites and Glyptostrobus, while it 
could be said with equal confidence that collections made 
in the area of B (Fig. 1) would contain primarily detached 
needles of Setadopitophyllum and Glyptostrobus. At D in 
the same figure, one could confidently expect to collect 
Metasequota and the occasional Ginkgo leaf. Extensive 
collecting during the remainder of that season demonstrated 
that not only was there a distinct lateral restriction, 

but also as collections were made deeper into the hillside, 
various genera either expanded their range or declined. 
For example, collections made in mid-summer yielded the 
first attached specimens of Sctadopttophyllum in an area 
approximately omrectetouthe raghtvor point A (Bag? 1)". 

The enthusiasm accompanying this discovery resulted in 
extensive excavation in this area. It was soon discovered, 
however, that the area from which specimens were obtained 
was extremely limited, covering approximately 13 square 
feet. The tuff in this area yielded only 8 specimens. 
Because of this distributional phenomenon, permission was 
obtained to use a bulldozer in the area for more extensive 
collection. AS alresultvofLlthismexcavation, adyponiion, Of 
the outcrop indicated by the letters A through C im Fig. 1 
and A through G (excluding D) in Text-Fig. 6 was exposed. 
The distributions of various genera within this area may 


also be seen in Text-Fig. 6, with the corresponding area 


also shown in@eaqss 1260 ;027., 
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FIGURES 126-127. 
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The Smoky Tower locality, facing east, after 
bulldozing operations. Letters A-D correspond 

to the same positions indicated by those letters 
in Figs. 1 andwl277andein, Text—Pilg wi eee 
sediments overlying the tuff horizon were removed 
in the area between letters A and C. Coal #2 
(Text-Fig. 2) may be seen just below letter D, 
which represents an area where the bulldozer was 
not used. 


View of the Smoky Tower locality from above after 
bulldozing. Letters A, B, E, and F correspond to 
the positions marked by the same letters in Figs. 
1 and 126 and Text-Fig. 6. The area enclosed by 
the letters represents the area in which sedi- 
ments were removed down to the volcanic tuff 
layer, which is visible as the white areas to 

the right of letter B. 
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To summarize the results of this distributional study, 


it may be seen that the only genus found uniformly in the 
whole study areaywas Glyptostrobus. All other qenera were 
restricted to specific areas. It should be noted here (see 
Text-Fig. 6) that there are only a limited number of angio- 
sperm leaf remains shown on the map. Most angiosperms 
discussed in the systematics chapter were not collected in 
stius. Inhtheyinitialsexposure,ofethenlocabitydbyathe o11 
company and government road builders much material was 
pushedytoseithéeresidetofathe Wildhandvatathebbasesof it. 
Obviouslyenorconclusionseinatermsroftiateraledistribution 
can be made from this material, but nevertheless it did 
yield many fine specimens for taxonomic consideration. 
While the unicue lateral distribution shown by the 
fossils in the tuff horizon is easily described, its inter- 
pretation is an entirely different matter. As mentioned 
earlier in relation to the arrangement and disposition of 
Equtsetum remains within the horizon, it is possible to 
speculate a relatively rapid rate of sedimentation for this 
horizon. Accepting this speculation, it would follow that 
the time and area of deposition of the plant remains found 
within the layer might also be more limited than usual. 
As MacGinite (1969) stated, it is possible for various 
stream-side plants to have their remains carried several 
miles by water without appreciably harming them. This beina 
the case, it would be expected that either a random mixture 


miaht occur, or that a definite sorting and grading of 
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various genera would be accomplished by the water prior to 
final deposition. Experiments carried out by the author in 
a closed system holding approximately 200 gallons and havina 
a controllable water source showed that twigs and branches 
from Metasequota, Glyptostrobus, Setadopttys, Thuja, and 
Ginkgo, when placed in the system and subjected to various 
rates of water flow, settled randomly and not in isolated 
areas. When various anaqiosperm remains were added to this 
mixture and also tested separately, it was found that they 
usually settled selectively, which may have been due to 
either the greater surface area or the greater mass. 

Results of this experiment seem to indicate several 
possible interpretations of the unique lateral distribution 
of leaf remains in the tuff horizon. The first hypothesis 
is that the specimens of the various genera were not 
deposited by a single movina body of water, and that the 
general depositional basin was not subject to appreciable 
water currents. Both conditions hvpothesized are based on 
the experimental evidence that agitation of a bodv of water 
containing vegetative plant remains tended to mix them 
thoroughly. 

Excluding this possibility for the deposition 
encountered, the most likelv remainina hypothesis in the 
opinion of the author is that the depositional area was 
relatively small and that the water was quiet. Glypto- 
strobus quite vossibly was prevalent around this quiet body 


(this is not inconsistent with the environment in which the 
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extant Glyptostrobus is found) as is indicated bytats 
frequency and uniform distribution in the beds. Other 
genera found in the beds may possibly have grown very near 
the area of deposition, and thus the pockets of their 
remains could actually represent the former position of 
individual plants or populations of plants. The leaves and 
twigs could have fallen directly from the parental source 
and settled almost immediately into the depositional basin. 
Some, however, may have been carried short distances by 
separate slow-moving water sources and settled almost 
immediately upon reaching the depositional basin. As 
Barghoorn (1951) properly pointed out, environmental inter- 
pretations based on suites of fossil plants must be made 
with extreme caution. Manv factors available to students 
of extant plant distributions are unavailable to the paleo- 
botanist, and thus conclusions at best are tentative. It 
is with this in mind that the preceding interpretation 
of the unique lateral distribution of plant remains in the 


tuff horizon of the Smoky Tower locality has been made. 


Age of the Floras - Several methods for the determination 
of the age of sediments are available to a student of 
Tertiary paleobotany. These include direct age determin- 
ation based on radiometric dating, and relative age deter- 
mination based on stratigraphy, microfossils, and mega- 
fossils. An excellent opportunity for direct age deter- 
mination was available at the Smoky Tower locality. The 


tuff horizon consists of pockets of silicified matrix 
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interspersed in a layer of unconsolidated bentonite. 
Purification of samples of bentonite (Chapter 3) vielded 
clean, unaltered samples of biotite and sanidine. Potassium- 
Argon analysis was done on two different samples of sanidine 
and one sample of biotite by Professor H. Badsgaard of the 
Department of Geology, University of Alberta. The two 
Sanidine samples yielded dates of 62.5 and 61.8 million 
years, and the biotite sample vielded a date of 60.5 million. 
Dr. Badsgaard (personal communication) stated that based on 
his calculations and knowledge of the equipment used he 
felt that the dates were accurate within 1.5-2.0 million 
years. While the variations in the three samples run and 
the expressed margin of error make a precise date impossible 
to state at this time, the information does support the 
hypothesis that. .the flora in the tuff horizon is of Paleo- 
cene age. 

Of the indirect methods of age determination available, 
the exposed section available at the localitv was too 
Limited.to,.allow,stratigraphic correlation.with) larger, well 
known formations. Those microfossils discussed in the 
preceding chapter which are identifiable have too great a 
stratigraphic range to make them useful in making a precise 
age determination. Their ranges, however. are not inconsist- 
ent with the Paleocene age assigned tc the associated strata. 

The specimens of the megaflora that could be assigned 
to species support, but do not conclusively determine, the 


age of the horizons to be Paleocene. Metasequota 
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oeetdentalis, Cercidiphyllum flexuosum, Ginkgo adtantoides 
and Thujopposites interruptus all have broad stratigraphic 
ranges extending from the uppermost Cretaceous through the 
Paleogene. All, however, are dominant members of previously 
documented Paleocene floras (Brown, 1962; Chandrasekharam, 
1972). More important, however, is the fact that none of 
the positively identified species at the Smoky Tower local- 
ity are included in*the list/of "species which are the "best 
mMarces "OF anclan age” (Dor, shod 2 eae ell) je. etic One 
species from the Smoky Tower locality apparently restricted 
to the Paleocene, Platanus raynoldsit, is sufficiently 
tentative in its identification not to be useful as an 
indicator of a Paleocene age. 

The fresh water pelecypod and gastropod fauna found in 
the blocky sandstone and the calcareous siltstone horizons 
at the Smoky Tower locality provide evidence similar to the 
two megafloras. All identifiable members of the fauna have 
been reported from the Paleocene, but most, if not all, of 
them have ranges extending from the Cretaceous through the 
Paleogene. 

In a like manner, the, data from the drilling log of the 
oil well at the locality supports but does not prove a 
Paleocene age for the fossil bearing strata. The over four 
thousand feet of sediments between the base of the Wapiti 
Formation shown on the drilling log and the fossiliferous 
strata is not an unrealistic thickness to reach into the 


Paleocene Paskapoo Formation. However, the lack of a 
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definitive higher marker horizon (such as the Kneehills 
Tuff) makes it impossible to prove. 

The results of the various methods of age determin- 
ation, when taken together, support the suagestion that the 
strata of the Smoky Tower locality are of Paleocene aae. 
Acceptance of this is done with the understanding that 
assumptions and qualifications stated by various workers 
(Dorf, 1942; MacGinite, 1969) regarding age correlations 
based on fossil plant remains are valid, and conclusions 
drawn from such correlations in this thesis are done with 


this in mind é 


Ecological Interpretations - As was eloquently stated by 
Barghoorn (1951), extreme caution must be exercised in 
drawing ecological inferences from fossil plant assemblages. 
This is particularly true in the case of floras such as 

the Smoky Tower floras, where a relatively small number of 
positively identifiable species are at hand. All ecological 
interpretations or correlations made between fossil assembl- 
ages and present day ones are made with the assumption in 
mind that organisms and communities of organisms interacted 
with the environments of the past in the same wav as they do 
today. 

Looking first at the flora contained siny ciesgturt 
horizon, it can be seen that the modern counterparts of the 
genera represented there; Setadopitys, Metasequota, Glypto- 
strobus, Ginkgo, Ceretdtphyllum, and zelkova, are presently 


restricted to eastern Asia and Japan. Certain species of 
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the present day counterparts of the other genera represented 
in the tuff horizon; Thuja, Platanus, and Equisetum, are 
also found in the same geographic area, but are not necess- 
arily restricted to it. Chu and Cooper (1950) reported on 
the native habitat of Metasequota and stated that Cercidi- 
phyllum was found growing in association with it. In Japan 
Ceretdtphyllum is found growing in habitats adjacent to 
those supporting Sciadopitys. While some authorities 
question whether Ginkgo actually exists in a native state 
anymore (Dallimore and Jackson, 1966), the environment in 
which it is cultivated in China is certainly comparable to 
the native home of Metasequota. 

As is the case for Ginkgo, it is thought that only 
cultivated stands of Glyptostrobus now exist. These stands 
are found in wet, swampy areas, at low elevations in 
southern China (Brown, 1936), and it mav be speculated 
that,.in light..of,-this,. and.calso, considering sthe morpholog- 
ical simidari.ty--to. Janodi um .die tz.cumta(Cnduy production of 
pneumatophores), the natural habitat of Glyptostrobus was 
likely .to be, similar,to the cultivated one. -bt.should jhe 
noted, however, that some species of Taxodtum (also capable 
of pneumatophore production) are found at higher elevations 
and in slightly drier regimes. Thus, inferences on the 
native habitat of Glyptostrobus, particularly in the past, 
must be left open to some question. 

If the assumption that the plants represented by the 


fossils in the tuff horizon grew under similar conditions to 
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those of the extant species is accepted, then it may be 


suggested that the locality had a warm temperate climate 
with high summer rainfall and generally frostless winters 
Similar to the climate of the Shu-hsa valley in China, the 
present home of the only native stands of Metasequota. 
Coupling this hypothesis with the hypothesized depositional 
environment discussed earlier in the chapter, it is possible 
to construct a model for the Smoky Tower locality at the 
time of the tuff deposition. 

The central area of deposition was probably a swampy, 
low-lying area with Glyptostrobus being the dominant 
arborescent species. This idea is supported by the general 
distribution of glyptostroboid remains throughout the 
lateral extent of the horizon. This small swampy area was 
probably surrounded by a higher, better drained area which 
was populated by Thujopposites, Metasequota, Setadoptto- 
phyllum, Ginkgo and the other associated genera. It is 
also possible that these other genera grew on small isolated 
hills within the swampy area. If the body of water was 
quiet as has been hypothesized, it is quite possible that 
transport of the remains of the upland genera was accomplish- 
ed either by the deciduous twigs and leaves falling directly 
into thie aepositional Dasan OLsby vunern Deang Carr sedeny 
run-off following precipitation and settling almost 
immediately. The coal seams directly above and below the 
tuff horizon add credence to this hypothesized swamp envyiron- 


ment at the time of ash deposition. Above the upper coal 
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seam (coal #2, Text-Fig. 2) the presence of a medium grained 
sandstone fining into a shale or siltstone indicates a 
possibly deeper and less stagnant depositional environment. 
This is also supported by the fresh water pelecypod and 
gastropod fauna which begins in the sandstone and continues 
upward through the siltstone. The upper portion of this 
siltstone contains the siltstone flora (Text-Fig. 2). ‘This 
consists of a heterogenous mixture of woody angiosperm leaf 
remains (many fragmentary) and herbaceous aquatic remains, 
which would tend to suggest the possibility that the 
depositional environment may possibly have included deeper 
and certainly less-stagnant water, and that the plant 
remains may have been transported by a more rapidly moving 
water from a more distant source. The lack of coniferous 
remains in the siltstone flora may be taken as indicating 
either a major climatic change that was unfavorable to their 
growth in the area, or else as an indication that the areas 
environmentally suitable to them were no longer near enough 
to the basin of deposition so that their remains could be 


incorporated in the sediments. 


Comparison with Other Major Floras - While most of the 
genera making up the two floras of the Smoky Tower locality 
are documented from other Paleocene floras, the particular 
ane and proportions of them appear to be unique. Geo- 
graphically and possibly geologically the most comparable 
flora is the Genesee flora, found roughly 250 miles south 


and east of the Smoky Tower locality (Chandrasekharam, 1972). 
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If the two floras of the Smoky Tower localitv are treated 
as one, then the Genesee and Smoky Tower localities are 
highly similar. They have in common; Metasequota, Cercidt- 
phyllum, Platanus, Glyptostrobus, and Azolla. The Metasequ- 
ota-Ceretdiphyllum combinations found at both localities 
and also found in modern-day central China indicate a 
somewhat similar environmental situation. It is interesting 
to note, however, that in addition to the differing pro- 
portions of the two genera at the two sites, the Metasequota 
remains are also quite dissimilar. As pointed out in the 
systematic section, the differences are not deemed great 
enough for separation at the specific level. The relatively 
large quantity of drip-tips on Ceretdiphyllum leaves at the 
Genesee locality, as opposed to their absence at the Smokv 
Tower locality, may indicate a greater degree of precipita- 
tion at the former site. 

Brown (1962) gives an extensive account of the upper- 
most Cretaceous and Paleocene strata in various parts of 
North America as well as in other areas. In that paper 
(pp 38-39) Brown listed the various genera of plants studied 
by him, and the localities at which they occur. Examination 
of this list shows that localities from the fort Union 
Formation of North and South Dakota and Montana, taken 
collectively compare favorably with the Smoky Tower locality 
strata. While the Fort Union localities, collectively, show 
more diversity, the major genera (excepting Setadopttophyllum) 


represented at the Smoky Tower locality, are all found within 
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it. These genera include Metasequota, Glyptostrobus, Ginkgo, 
Ceretdtphyllum, Thujopposttes (Thuja), and Platanus. A 
Similar, favorable comparison may be made with the wyoming 
and Colorado outcrops of the Ferris Formation, which appar- 
ently includes the Tertiary-Cretaceous boundary, evidenced 
by dinosaur remains and Lancian (upper Cretaceous) equiv- 
alent plant fossils found in the lower portions of the 
Formation (Dorf, 1942) and mammalian and tvpically Tertiary 
plant remains found in higher portions of the Formation 
(Brown, 1962). Further comparisons with other localities 
and formations listed by Brown as Paleocene show lesser 
degrees of positive correlation, but some correlation appears 
to exist in most instances. From these observations it may 
be concluded that the floras of the Smokv Tower locality 
represent a suite of Paleocene plant remains, comparing 
favorably with other major Paleocene floras, yet unique in 
both the lateral distribution of its components in the tuff 
bed, and in the particular combinations and proportions of 
genera exhibited in the two horizons. Radiometric data, 
though somewhat limited at present, supports a Paleocene 


age for the Smoky Tower floras. 


Summarv 


Following is a list of the major points discussed in 


the thesis: 


1. Contained within the strata of the Smoky Tower localitv 


are two distinct megafloras, a fresh water molluscan 
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fauna, and at least one distinct microflora, making it 
possible to study the locality from a number of 
approaches. One of the megafloras) the tuff flora, is 
Situated in silicified pockets of a layer of unconsolid- 
ated bentonite, making K-Ar dating for the stratum 
possible. 

Equtsetum remains from both megafloras, identified as 

HH. arettcum Heer, are present in the form of both under- 
ground and aerial remains. The presence of preserved 
nodal and internodal cross sections in both horizons, 
and the presence of possible reproductive structures in 
the siltstone horizon represent new information about 
the species. The orientation of the rhizomatous portions 
of the Equtsetum at various angles to the bedding plane 
suggests that the Hautsetum most likely grew after 
initial deposition of sediments. 

Abundant vegetative remains in the tuff horizon of 
material previously identified as Thuja tnterrupta 
allowed a thorough study of the taxon to be made. This 
study, supplemented by studies of similar remains from 
other localities, resulted in the creation of the new 
genus Thujopposttes and the new combination Thujopposttes 
interruptus which are used to name materiai with similar 
Teaf size" and’ shape to-Thujavand"similar Leat*ana@ branch 
arrangement (opposite) to Ltboecedrus, Austrocedrus, and 


Calocedrus. 


Collections from the tuff horizon yielded material which 
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has been identified as the first record of attached 
needles of a Setadopittys-like conifer in North America. 
The name Sctadopitophyllum canadense is given for the 
new material. A comparison of this material with other 
Setadopttys-like fossils described in the literature, 

as well as a study of extant Scitadopitys, has led to the 
conclusion that this group of plants is distinct enough 
to be separated from the Taxodiaceae and placed in its 
own family, the Sciadopitaceae. 

Numerous specimens of Metasequota collected from the tuff 
horizon show characters intermediate to Metasequota 
euneata (Newberry) Chaney and M. occidentalis (Newberry) 
Chaney. A comparative study of this material, other 
material previously assigned to both species, and 
material of extant Metasequoita shows that all the fossil 
Material is#similar enoughsetosbesplacedsaanionesspecies. 
The diagnosis of M. ocetdentalis (Newberry) Chaney is 
emended to include characters displayed by the Smoky 
Tower material, and M. cuneata is placed in synonomy. 
The most common species present in the tuff horizon is 
Glyptostrobus,nondensktoldtt « (Heer) «Brownes Arstudynef 
this material, similar material from other localities, 
material previously identified as G. oregonensis Brown, 
and material of the extant species G. penstlis leads 

to the conclusion that the fossil material is similar 
enough to be placed in one species. Based on priority, 


this species is G. nordensktoldit, and G. oregonensts is 
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placed in synonomy. 
Critical examination of Chaney's review of fossil Sequota, 
Metasequota, and Taxodium (1951) shows that separation 
of fossil material of these taxa must also take into 
consideration the genus Glyptostrobus. Chaney's 
“distinguishing characteristics for the fossil genera" 
are reexamined in light of more recent work, and revised 
where necessary (with emphasis on inclusion of the genus 
Glyptostrobus). The conclusion is reached that 
identification.of ,.fossil remains of the four genera is 
more complex than realized in 1951, and that a large 
suite of fossils showing numerous characteristics is 
necessary to identify fossil vegetative remains of the 
material. To discourage misidentification of material 
not displaying sufficient characteristics, the form 
genus, Taxodiophyllum is proposed for remains of a 
taxodiaceous nature, yet not identifiable to the generic 
level. 

A study of the flora of the siltstone horizon shows an 
almost total lack of conifer remains and a dominance of 
angiosperm remains. Numerous herbaceous aquatic remains 
suggest a depositional environment somewhat different 
EVO, CC mCUL i aiOG UZonn | 

Brief examination of the microflora, found in) the coal 
seam between the two megaflora horizons shows a rather 
taxonomically limited assemblage, with most members 


identified as species known from Paleocene deposits. 
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Examination of the lateral distribution of the fossil 
genera found in the tuff horizon shows an isolation of 
many genera which is unique among known Tertiary local- 
ities. It is suggested that this may be due to a rapid 
rate of sediment deposition into a basin with a limited 
source of plant material. Thus the isolated areas of 
certain fossils may represent very limited populations 
of these taxa, the remains of which were deposited and 
incorporated into the sediments very near the site of 
their actual growth. 

Potassium-Argon analyses, run on two samples of sanidine 
and one sample of biotite from the tuff horizon, yielded 
radiometric: dates; of) .62.5, 61.8, and 60.5 million years 
respectively. 

Based on comparison of the Smoky Tower floras with other 
fossil floras, examination of the stratigraphy of the 
locality, identification of the fossil’ fauna, “and 
results of the K-Ar data obtained irom the bentonite, 

it is concluded that the fossil bearing beds of the 


Smoky Tower locality are Paleocene in age. 
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